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ABSTRACT 

Symposium III# a continuation of a series of 
meetings , was designed for exchanging ideas and structures for 
contemporary industrial arts Curriculum development. The meeting *- 
provided practical ciassroom^or iented suggestions for teaching 
industry/technology-based industrial arts. The design of the 
symposium provided a keynote address, which gave a rationale for 
teaching technology, followed by two program interest sessions* At 
each session, two leaders in their area of expertise presented an 
answer to "What should be taught and how could it be organized?" The 
interest sessions concentrated on five maiftr curriculum areas: 
cbmmuni eat ions, construction, manufacturing (enterprise and material 
processing), and transportation power and energy. The transcripts of 
the proceedings in this document give suggestions for teachers to 
improve their teaching An ych of the five areas* Articles are 
illustrated with line drawings * (KC) 
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Symposium III was a continuation of a, 
series of meetings designed for exchang- 
ing Ideas^and structures for contemporary 
industrail arts curriculum development, 
tW first meeting, Syumposium 80, was 
held at Eastern Illinois University* followed 
by Symposium II at University of Wiscon- 
sin—Stout, 

Each* symposia had its own theme and 
goals. Symposium 80 set the stage for the 
series by emphasizing Technology Educa- 
tion, Symposium 11 adopted g 
"Technological Literacy" program theme. 
Symposium III was designed to provide 
practical classroom-oriented suggestions 
for teaching Industry /Technology Based In- 
dustrial Arts, 

1 The* design of Symposium provided a 
Keynote Address followed by two Program 
Interest Sessions, At each interest session 
two leaders In their area of expertise 
presented an answer to "What Should Be 
Taught and How Could It Be Organized", 
The interest sessions concentrated on five 
major curriculum areas: communication, 
construction, manufacturing— enterprise, 
manufacturing— material processing, and 
transportation — power/energy. 

Symposium III prpvided^ a vehicle for 
exchanging ideas and, hopefully, created a 



desire to improve and change industrial 
arts programs in the public^schools and in^ 
dustrial arts teacher education programs. 

Symposium III was the result of the 
concern of a number 6f individuals and 
groups dedicated to curriculum develop- 
ment in industrial arts. Special recognition 
goes to the Technical * Foundation ;of 
America for underwriting the major cost 
for Symposium III Without TFA support it 
would have been impossible to assemble 
the team of outstanding speakers or cover 
the cost of attendance 'for a number of 
classroom teachers. 

Additional financial support was pro- 
vided by the College of Fine and Applied 
Arts and the Department of. Industrial 
Education and Technology, \Bdll State 
University, ■ 

* Many individuals gave of themselves 
to insure that Symposium III and these pm^ 
ceedmg came to pass, A list of these con- 
tributors may be found on page 76, 

The continued cooperation b.etweeri 
educators, educational institutions, and 
philanthropic foundations promises to be 
an essential mix for prorogating and Im- 
plementing change. It can only be hoped 
that this cooperation will grow and 
flourish. 
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\ Over the years industrial arts, and 
its predecessors, manual training 
and "manual arts, has -meant many 
things to many people. Even today 
the meaning of industrial arts seems 
foggy and Illusive, Confusion about 
industrial arts has become more 
pronounced as times have changed, 
The society has moved from a time 
which was characterized In the 
Kafser Aluminum News t (1966) as 
one of rapid change to a period of 
radical change. Each individual is 
facing changes -wrought by 
technology that mystify the mind. 
These changesT'^cpming at an 4 ever 
accelerated paeev are exerting 
pressures on afl of society's Institu- 
tions Including education. Society, in 
general r no lowfjer seems willing to 
_al low education to stand on the solid 
rack of tradition. The majority of 
citizens want educators*to drive the 
educational vehicle in a path dic- 
tated by a clear forward looking vi- 
sion of the future, rather than steer- 
ing a path rooted in a, ^earview mir- 
ror panorama of^Rfe^past, This call 
demands changes in attitude and ac- 
tion. 

Industrial- arts, Jlke other, school 
subjects, has long suffered from the 
fearview mirror syndrome. The field 
remains rooted in the subjects of 
Woodward's Manual Training High 
School— those of woodworking, 
metal work i ng and drawing. 
Plastics, power, graphic arts and 
electricity have been added only 
^after they were fully established in 
our culture and came into view in 
the rearvlew mirror. However, as 
the society knocks on the door of the' 
21st century, - these tradition-based 
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programs are wholly inadequate, 
These programs, depicted^ by 
Brown (1 977, p. 5) as ones (1 ) rooted 
the vocational lineage, (2) deriv- 
content from the mechanical 
trades, (3) oriented to the past and 
(4) having tool skills and job pefor- 
manee as a central therne, have 
long outlived their usefulness. 

Citizens of the 21st century will 
need a different type of education 
dealing with the Industrial- 
technological aspect of our culture. 




OPPORTUNITY 
Figure 1— CRISIS 



They will need educational ex- 
periences which provide a basis for 
facing a radically changing society 
full of new and novel situations. This 
calls for a new type of industrial arts 
which has been espoused by 
numerous theorists but im- 
plemented by few practitioners. This 
program change causes many in- 
dividuals to face a personal crisis — a 
need to abandon or modify did Ideas 
and chart new directions and goals, 
But ar in the Chinese ideogram for 
crises, shown in Figure 1, two im- 
portant features are present. The 
first is danger and the second is op- 



portunity. All crises have these^ 
elements present and the crisis of 
inadequate programs facing in- 
dustrial arts Is no exception. * 

This crisis has been brought about 
by a number of factors: however 
four are of prime Importance. These 
are (1)a foggy mission, (2) a shaky 
content base, (3) narrow programs, 
and (4) limited teaching strategies. 
Each of these will be described in 
terms of dangerous practices now in 
vogue and opportunities foe im- 
provement, m 
A Foggy Mission ' 

Industrial arts faces danger 
because a clearly r defined mission 
upon which \to build contemporary 
programs has never been establish- 
ed. Some members of the profession 
have suggested that a study of in- 
dustry and Its associated 
technologies is the primary goal of 
industrial arts or at least such an 
assertion causes ■ little heated 
debate, AHowever, a cursory glance 
at existing programs would suggest 
that either the concept of Industry 
and technology Is unclear or our in- 
terpretation has been faulty* The 
literature abounds with 6 catchy 
ph rasas sucrf as "back to basics'* 
(back to Woodward's woodworking, 
metalworking and drawing, etc,) 
qrfd confusing and often contradic- 
tory I ms such as: — i craftsmanship 

— skill — hobby interests — career 

— exploration — industry — home 
maintsnance — technology — self 
discovery — prevocatlonal. Many of 
the above are secondary outcomes 
of a good industrial arts program 
but are neither central nor unique 
goals, 

Industrial arts cannot be all things 
to all people. Its pnfjetitioners must 
decide, and decide soon, on a cen- 
tral mission. They must^zero in on a 



primary target, and start shooting 
for the bullseye. And, • like the ex- 
pert marksman, each individual 
must be unwavering in his or her at- 
tention: unyielding to the distrac- 
tions ©f persarial interests, tradi- 
tion, the easy way, Federal dollars, 
pressures from vocational 
education colleagues, A mission 
that is truly broad in scope and pro- 
vides worthwhile educational ex- 
periences about industry and 
technology to significant numbers of 
students /'In our school must " be 
established. Failure to accomplish 
this tqak will produce still greater 
numbers of high school graduates 
*wha do not possess even rudimen- 
tary understanding of basic 
economics and the impact of the in- 
dustrial complex on their lives. 

The field 'must,, therefore come to 
agreement that the mission ©f in- 
dustrial artr lies in jhe sphere of 
general education wtth extensions 
into specialized education based on 
students*' intensity of interest* In- 
dustrial arts, lite mafhemat^s, 

r i 

| % A study of industry J 
I <jnd Aim associated ( 
| technologies., j 



science, social studies, and 
languagm arts* is responsible to pro- 
vide the threshold knowledge, 
skills, and attitudes necessary to 
make wise citizen, career, and con- 
sumer choices. 

Early industrial arts experiences 
should provide the student with* 
broad understandings of industry 
and its dssociatod technologies 
jwhile advanced courses .may pro- 
vide more specific information a| 
preoccupation©! education, 
However, it must be kept in mind 
that these occupations are not 
limited to the skilled trades taught 
in the area career centers but also 
include occupations requiring two 
and fey/- year collegiate or^echnical 
school training. These advanced 
courses are^Jo the future skilled 



worker, technician, ana 1 industrial 
supervisor and manager jas 
trigonometry and calculus are 1 to^ the 
future mathematician, scientist, and 
engineer. They must be founda- 
tional in nature and broad in^scope. 
t Shaky Content Base 

" Once' the mission to provide 
general and pre-occupational ex- 
periences about industry and 4ts 
associated technologies is acceptedf 
the content base must be address^ 
edi For years industrial jarts profes- 
sional have failed to establish a 
logical base for their offerings. 
Present-day programs are as varied 
as the shapes of Joshua trees on the 
desert. Woods, metals, and drawing 
are offered in one school; manufac- 
turing and construction in another* 
photography Is added in another* 
woods is dropped froVn another; ad 
infinitum. . "' * 

This shaky content base must be 
solved, Agreement on the important 
question, "On what basis are cur- 
ricular decisions related to content 
going to be made?", must be found. 
This agreement must be based on a~ 
scientific view "of our society- — a 
view which establishes the univer- 
sal of our highly industrialized 
culture and then selects those 
universals which "belong'' t© in- 
dustrial arts* The rear-view mirror 



must not oe used to view the ex- 
periences provided during ones 
undergraduate preparation q|j<in 
previous public school industrial arts 
programs. The eyes of the profes-- 
sion must be fixed on the 21st cen- 
tury, , and, the curriculum base 
chosen must have the potential for 
prelection info that time frame. 

! A promising content^ base is one 
which uses as the basic universal 
Human Productive Activity — the 
activities engaged iji by people to v 
transform " materials, information, 
f arid energy into more usable forms 
(Figure 2), These activities involve 
changing materials into manufac- 
tured, or constructed products; infor- 
matiorv into medlqE messages; 
energy, into power. Each major 
transformation activity invojves the 
major steps ©f (1) designing, (2) 
preparing to produce or transform, 
(3) producing or transforming, (4) 
mqrke^irTg the output, (5) financing 
the -activity, and (6) developing peo- 
ple to perform essential tasks. 

These major steps encompass the 
technology — the efficient and ap- 
propriate action — of human produc- 
tive actiylty. They involve the pro- 
cessing of inputs into usable outputs 
and are carried out in, a societal con- 
text by manufacturing, construction, 
communication, and transportation 
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Figure 2— HUMAN PRODUCTIVE ACTIVITY 
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industries. As can be seen in Figure 
3, ihese industrial /structures and 
technological activities have a 
history— they contributed to our 
past achievements; function in to- 
, day's society, and will help shape 
©ur future, , 



industrial arts programs are narrow- 
ly conceived and fail to address the 
wide range of interests and abilities 
of today's youth, Industrial arts' 
love-affair with the required project 
(or limited selection) does not meet 
the needs- of all youth, The single 



Context 




Figure 3— HUMAN PRODUCTIVE ACTIVITY 



A closer view of these human pro- 
ductive activities suggests that each 
ma|or system — manufacturing, con- 
struction, communication and 
power-=may be categorized into 
management processes and manag- 
ed productivity activities (Figure 4). 

An industrial arts program built 
on»the above logic base and extend- 
ed using the basic rules of classifica- 
tion, (Ray and Streichler, 1975) will 
be able to be described truly as 
study of industry and its associated 
technologies. Examples of the ex- 
tended classification systems may 
be found in ACME, 1957; Lux and 
Ray 1971; Hauenstein and 
Bachmeyer r 1974 ad 1975; Wright 
and Jensen, -1976; and Wright, 1977. 
Such s^ystems will help move the 
field toward, a s©hd defensible con- 
tent base*. 

Narrow Programs 

Using a sound content base the 
third danger facing industrial arts 
may be addressed— the danger 
created by narrovvf programs. Many ^ 



levels of expected cognitive and 
psychomotor' performance often 
used to evaluate individuals is un- 
just to -many students. Programs 
resembling a funnel with its 
restricted freedom of movement fail 
to meet the needs of the slow 
learner, the uncoordinated^ the high 
achiever, the inquisitive, and many 
other special groups. 



Conceptually based programs 
which provide central learnings with 
abundant opportunities for students 
to move in several directions from 
the base need to be developed. The 
use of time as a central criteria for 
achieving goals, must be limited and 
activities of varying levels of dt?f- 
ficulty and challenge need to be pro- 
vided. In short, industrial arts pro- 
grams need to be moved out of the 
tunnel and onto the plain whe^e It Is 
possible to travel varied paths to 
achieve stated goals. 

The broadening of opportunities 
will allow all students to find a 
measure of success in the industrial 
arts laboratory. Industrial arts, 
probably mare than any other area, 
is capable of providing genuine suc- 
cess — a ri?en ted ' learning ex- 
periences for all ability levels. Each 
student can be allowed "to become 
a somebody" \p his or her own eyes. 
Every individual in a well-designed 
industrial arts program can find an 
area where he or she \can succeed, 
AAaley (1973) describes this type of 
program as having vertical and 
horizontal articulation, He described 
many of our programs as % one- 
square programs \p which all 
students perform similar activities 
and ore |udged in accordance to a 
singte and limited range of 
divergence, 

A better program, as shown in 
Figure 5, would be one which 
resembles a checkerboard with 
numerous vertical activity squares 
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to accommodate varying student 
abilities and many horizontal activi- 
ty squares to take advantage of stu- 
dent interests. With this course* 
structure students are encouraged 
to complete activities which meet in- 
dividual interests and abilities. But 
like a checkerboard, the program 
would have boundaries within which 
the students must operate. These 
boundaries are established by view- 
ing the mission and content base for 
each class or program- 
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Figure 5— BALANCED PROGRAM 



Limited Teaching Strategies 

The fourth danger facing in- 
dustrial arts arises out of a failure to 
use the myriad of teaching methods 
or strategies available to enhance 
the interest and effectiveness of the 
programs* The two-horse team of 
lecture and demonstration ^as been 
used until, like horses with blinders, 
on, no other alternatives cgn be 
seen. It must be realized that no 
single method or pair of strategies 
can develop all the human abilities- 
needed by citizens of the 21 st cen= 
tury; or the 20th for that matter. 

Reliance on the lectures and 
demonstrations and on the in- 
dividual^ro|ect has in effect* provid- 
ed activities designed to give the 
same opportunity to all members of 
the group and ^therefore reduces 
groUp variance and individual uni- 
queness. They involved the in- 
dividuak and his or her assigned 
work with little concern for group in- 
teraction. These methods are 
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basically 'Tm going to tell YOU 
^something," or 'Trjg^qing to show 
YOU something/ 1 and now "I want 
YOU to do what I showed you on 
your own/' How diametrically op- 
posed this is to life which revolves 
around group 1 interaction and 
cooperation (Combs, 1979, p. 15-22). 

Additional teaching strategies 
must be added to the repertoire of 
each industrial arts teacher. Includ- 
ed in these new methods should be 
those that are group centered so 
students can develop group interac- 
tion skills and learn group roles. The 
group project where all members 
work; together to build a single item 
or line production where the group 

• • • provide knowledge 
skills and attitudes 
necessary to make wise 
citizen, career and con* 
sumer? choices. 



organises itself to produce a product 
in quantity can provide these types 
of group development experiences. 
Role-playing and simulations should 
also be investigated and im- 
plemented' where they enhance 
Ie3arning i The industrial arts 
Classrooms and laboratories should 
*be the home of a balance of 
methods— some which develop in= 
dividual abilities and others which 
develop group Interaction abilities, ■ 
Conclusion 
Dark days may well be ahead for 
industrial artsjf programs are not 
carefully analyzed to identify and 
eliminate- questionable practices 
and outmoded idea Mope for the 
future lies in: 

1 \ Accepting the mission of inter- 
preting industry and its 
associated technologies of the 
'* future citizens of the 21st "cen- 
tury; 

2,, Developing a<**content base 
from a careful = analysis . of* 
human productive activity; 

3, Broadening ouf programs to 
accommodate a wider range of 
student intera&^s and abilities; 



4, Using a mixture of group and 
individual centered methods to 
6 promote personal growth and 
group interaction and 
cooperative skills. 
Industrial arts may well be at the 
crossroads. Its future lies in mar- 
ching toward new challenges; 
remembering *the past but seeking 
direction from a forward-looking in* 
terpretation of the needs of today's 
students, 
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1 A Frame of Reference 

Bringing about technological 
change through research and 
development requires a three stage 
process involving invention, innova- 
tion and diffusion. The invention 
stage is when a new and original 
solution is conceived for an Iden- 
tifiable problem* The invention then 
becomes on Innovation when it is In- 
troduced and utilized by "early 
users" as a changed way of doing 
something* The innovation stage 
ceases being sucn when It becomes 
diffused (adopted) and eventually 
becomes tbe convention mode of 
operation. 

When we draw a parallel between 
the process - of bringing about 
technological change and that of 
changing our curriculum to one em- 
phasizing technology education *we 
see some interesting developments* 
The heritage ©f the Inclusion of the 
study of technical subject matter In 
our schools is only a little over a 
century old* From its manual train- 
ing, manual arts and industrial arts 
beginnings, the study of technology 
was "invented" by our leaders In the 
1930s and 1940s; Wrth proposals 
from such people as William 
Warner, Delmar Qison and others, 
the. idea was conceived. Later, 
scholars such as Paul DeVore, 
spearheaded a more refined 
analysis of the discipline and the 
possibilities become more crystaliz- 
ed and 'manageable, A KBs^^of new 
approached were brought forth in 
the T*?60's, and 1970^ as progrcffris 
for the study of the social institution 
of industry, technology, and in- 
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dustnal technology evolved. This* 
period was the "Innovation"' stage of 
change as people throughout the 
nation were using these Ideas to 
design and" implement tremendously 
exciting and relevant programs* At 
what staae of technology education 
are we presently in? Has&e we com- 
pleted the Innovation process 



utilize tools, resources and systems 
to solve problems to enhance celv 
trol over the natural and man-made 
environment to alter the human con- 
ditions" (Gebhart, et* aL) 

To teach technology more effec- 
tively In our schools we must have 
greater access in the time allocation 
of the school Curriculum* Just as 
science Is taught throughout the 
elementary and secondary cur- 
riculum, with a high percentage of 
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Figure 1 — FOUR STAGE PROCESS OF TECHNICAL ADVANCE 



necessary to move on to the diffu- 
sion stage? Most would readily 
agree that technology education has 
evolved where It is being im- 
plemented by many professional 
educators across the country, yet 
most feel that a dramatic movement 
would have to be experienced 
before jt could be considered as 
"diffused" or implemented, „ 
-Sharpening Our Viewpoints- 
Technology, d force that has had 
an awesome influence on our 
culture, is defined as: "the 'know- 
how' and creative process that may 



required . courses, so should the 
study of technology* Technology can 
be structured much like science if 
multiple offerings are to be provid- 
ed on several levels* Experiences 
Would run from the general to the 
specific in a parallel fashion*. At 
what points we propose to require 
or offer electives is an educational 
decision that would have to be 
made, 

^ Why Teach Technology? 

The cultures of Trie world ' are 
shaped in a pervasive way by- the 
technology they have developed or 
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transferred from other^ This 
"snowballing'/ phenomenon; creates 
an, environment that has 3 ' far 
reaching ramifications for the whole 
world. If we are going to be in con- 
trol and direct technology for the 
good af all, then we must better 
understand it as. a part of our 
culture. Hence, if is, imperative that 
we have a technologically literate 
society. 

General And Specialised 
Education 
The study of technology as a part 
of general education naturally Hakes 
on a different form than if we study 
technology for a "specialized" func- 
tion. The design of the portion of the 
curriculum for general education 
purposes must address the most 
gene/fa Sizable concepts and focus on 
the elements that are central to an 
understanding of it. Specialized 
education in the field of technology, 
liowever, can take ©r^ more narrow 
goals and even address a single 
type' of " technology. Thus, we come 
to the issue of whether to teach 
technology (in its singular sense) or 
one or* more technologies (in the 
plural sense), 

■ To teach technology, its univer 
sals and process is a difficult task. 
However, If successful, the study of. 
technology has the promise to yield 
one of the most powerful educa- 
tional experiences that we can pro- 
vide our society. If the outcome is 
truly d broad understanding of 
^ech^ology with a realization of i|s t 
many ramifications learners ^ are . 
well on their way t% ■ being 
technologically literate, # * 

To teaCh technologies, in ^the 
pjural sense, we are providing a 



education, and 
rrVoving toward 



more specialized 
quite possibly be 
.career competency attainment. This 
is especially so when the experience 
has the necessary depth and dura- 
tion to provide the acquisition of 
these intended outcomes, 

How larly Can We Begin? 
The question is often raised by the 
traditional industrial educator as to 



The study of 
Technology hes the pro- 
niise to yield on to the 
most powerful educa- 
tional experiences thdf 



we 

m 



con 



our 



the earliest point we can commence 
teaching technical subject matter to 
young people. At what age can 
students safely use the table saw? 
When is it prudent to "Introduce 
power hand tools? Th^se types of 
questions are perenrucli in nature, 
yet they address the issue in an 
awkward way, , 



If we begin our curricOtum ques* 
tions regarding young learners we 
should *start with the is%ues of 
readiness and developmental tasks* 
These, along with the "Bruner Prin- 
ciple" that "we, begin with the 
hypothesis that any subject can be 
taught effectively in some intellect 
tually honest form to any child af 
any stage of development/' (Bruner)" 
give us o.point of departure, For ex- „ 
ample, we con take aMecmnolegleal 
problem, %udh as packaging and 
teach it at the kindergarten level for 
,one or two jhort lessons and have a 
very excellent educational ex- 
perience^ Likewise, we can tedch 
packaging in a four year university 
level program leading to a B,S, 
degree and provide experiences 
that meets .the needs of a huge- in- 
dustry . Both educational endeavors 
addressed the technology; of 
packaging and, yet, both were in- 
tellectually honest and valuable. 
The differeqrf was- one of degree 
and expected outcomes, not of one 
being more-valuable or better than 
the other. The study of technology 
should be offered to students at all 
levels in the school. The introduction 
of the safe use of tools. In the 
laboratory activities as concepts are 
being learned and problems being 
solved would then; be governed* by 
the principles of learner readiness, 
Process As Content 

One of the ' mast interesting and 
dynamic approaches to the.study of 
"technical means" is -to teach the 
"process af technology",* The pro- 
cesses are*more durable and univer- 
sal than facts and techniques and 
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thus provide . a more useful educa- 
tion that will help, people to cope 
with the future. Halfin identified the 
following seventeen processes that 
are readily transferable to any ap 
plication of technology: 

it Defining the problem oK 
opportunity operationally 

2. Observing 

3. Analyzing • --. . 

4. Visualizing ' 

5. Computing • v ' 
- 6. Communicating 

7.* Measuring s 
8: Predicting 

9, Questioning and hypothesizing 
10^ . Interpreting data \ * 

11. Constructing models 

12. Experimenting 

13. Testing 

14. Designing 

15. Modeling 

16. Creating " 

1*7, Managing (Halfin, 1973) 



. : To teach the process of 
technology requires the organiza- 
tion* of the learning environment to 
be in a problem solving format. 
Students would be required to work 
on problems that would get them in- 
to design^ research, development 
and engineering activities, 

"Tho Laboratory Approach 
To Learning - 
Industrial arts programs, since 
their inception, have had a rich and 
well developed process for pro- 
viding a learning Environment 
where students had an opportunity 
to apply _the theory that they were 
learning. The laboratory was a 
natural evolution from the roots of 
approaches being used In appren- 
ticeships; manual training exer- 
cises, projects frermthe manual arts 
and industrial arts eras, The 
strengths of these 'early programs 
capitalized on the inherent motiva- 



tion that comes f with making 
"smote, sparks and chips". 

\\ k is absolutely essential that as 
technology education programs are 
developed that we utilize the^ 
laboratory -to Its fullest potential. 
The activities vthat are used will take- 
on -a variety of modes 'such as mass 
production, design, prototypes, 
"tryout" experiences (exercises us= 
ed for exploring rather than skill 
building) /diagnostic experiences 
(trouble' shooting,' etc.), construc- 
tion /* ?f simu lotions, educational 
games, research and development 
and "engineering'", "just to name a 
few. These laboratory experiences 
should be a - careful blend of in- 
dividual, team arid group activities 
as they are designed to meet all of 
the 'objectives of the particular 
Courses. - 

Soma Other Elements 
of Technology 

There are several other elements 
of technology that will contribute to 
the content of programs as they are 
developed. In addition to the sug- 
gested technical categories of com= 
munications, construction, many 
facfuring and transportation the* 
following elements are infused and 
are actually a part of all of these* 
categories. They arm 

• Technology assessment 

• Appropriate technology \ : 

• Technology levels (high; in- 
termediate and low) 

• History of technology 

• Systems of technology 

• Development of technology (the 
inventing R&D process) 

• Technology futures 4 

• Impacts of technology 
•-. Technology- futures 

All of these elements play a signifi- 
cant role in any study of N technical « 
means and should be brought into 
focus where appropriate. 



Technology education 

must utilize the 
laboratory to its fullest 

tf3ct#nt, 
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7- A Parting Perspective 

All fie We of human-endeavor are* 
, under, constant change and develop- 
ment. The dynamics* of our field pre- 
sent awesome challenges tOjUf in 
the, content aspect " alone, to sqy 
nothing about how we design this 
education or how Snb deliver it. 
What we are teaching rnust be con- 
temporary and future oriented as 
our learners are going 1o need an 
education that will be useful and 
relevant to them as they step into, 
the 21st Century. 



Of 

Technology should be 
offered to students at 
all levels in the school* 
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The reason for many of us gather- 
ing at conferences like f his is. to in- 
teract and attempt to find ways of 
Implementing a concept known as 
technology education. Technology is 
one form of industrial arts education 
which has been around since the 
late sixties, and it is an option, for 
those who fee) industrial arts should 
be-much more than the transfer of 
outdated industrial skills to our 
youth. One of the major problems 
confronting our field of study is the 
identity crises which exists among 
industrial arts teachers and teacher 
educators, in general. Many who 
profess they are industrial arts 
teachers are rather trade and in- 
dustrial education teacher si. 
Whereas the mission of industrial 
arts education; from a>techrtolagy 
base, is to help students develop an 
understanding of all aspects of in- 
dustry and technology, trade and in- 
dustrial education has a mission to 
develop manipulative skills . , . 
which prepare individuals for initial 
employment. Until this, Identity crisis 
is resolved, some will continue to 
develop new and exciting programs 
which will prepare youth and society 
for the future, but the Majority of 
,-our programs (woods, m^ta I s and 
drafting) will continue train in- 
dividuals in the practices Npf the 
crafts. This may be called second 
rate trade and industrial v educafion. 

Although the above problem ex- 
ists and will undoubtedly persist 
within our profession there are in- 
dividuals who are trying to make 

sense of what is being done in 

- ■ u 

technology education. The Jacksorr's 
Mill Industrial Arts Curriculum 
Theory is proof of the interaction 
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and compromise that is taking place 
in the profession* This compromise 
suggests that programs for in- 
dustrial arts education should be 
developed within the major systems 
of technology, These include com- 
munication, transportation , 
manufacturing, and construction 
(Snyder and*Hales, 1981, p. 20). 

This presentation will focus on the 
area of communications technology. 



telegraphs, recordings, telephones, 
television, films, computers, radios, 
'■dhd satellites, new Inventions have 
been born that assisted society in 
transferring information (Gore And 
Robb,1981). - ; . ■* . 

The heart of. a communication 
system is controlled by a network of 
information processing knpwn as 
the communication process. For in- 
dividuals to understand communica- 
tion technology, they must become 
aware of the process, know how it is 
utilized in various technical systems, 
and realize the impacts the com^ 
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Figure 1— COMMUNICATION PROCESS. 



It will be done from the view of*a 
curriculum developer, not from the 
view of a techndlogisj. 

Communication Technology 
Communication is cr technical 
system, utilized to transfer informa= 
tion to extend human potential. The 
extension is made so that the 
human senses can function beyond 
their natural state, Through 
development in such technical areas 
as writing, drafting, graphic arts, 
photography, microfojms, 



munication process has had or can 
have on individuals and societies. 
- The simplest version of the com- 
munication process is illustrated in 
Figure 1. It shows the process that 
information must transcend so com- 
munications can occur. The - terms 
identified in the illustration are 
defined as follows: 

1, The SOURCE is the system 
(human, machine, etc.) desir- 
ing to transmit a message (in- 
., formation), , : _ 
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2, The ENCODER is the technical 
means ysed to put the 

\ message jn to a code form so it 
may be transmitted with the 
use of the transmitter. 

3. The TRANSMITTER is the 
, techn tea L means (machine) us- 

f ed - to jrjcrnsfoFm the informa- 
tion into the channels, 
4 A. The CHANNEL is the pathway 
(wires, waves, fluids, paper, 
gears, etc B ) that the message 
travels from the source to the, 
destination, 

5. The DECODER is the technical 
means used to pul the messge 
back Into a usable form. 

6. The RECEIVER is an apparatus 
or device that composes in- 
coming decoded information 
for use by the destination. , 

7. The DESTINATION is the 
system to whom the message 
(information) was directed, . * 



8/ The STORAGE/RETRIEVER com- 
ponent is cm s "'B|ement in the 
* process where information can 
be placed until needed, " 
Three ways to, illustrate the cycle 
of the communications process are 
Illustrated In Figure 2. These include 
examples" of ideas focusing on the 
communication process through the 
technical areas oK radio, graphic 
arts, and drafting, - 

Implementation Methods 
\ Although many in •. the field 
understand and accept the defini- 
tion and process model for com- 
munication technology, little "is done 
with this information in the 
classroom after it is briefly introduc- 
ed early in. the school year, Usually 
what is done is that the definition, 
process, and history of communica- 
tion technology are discussed and 
then teachers move into a study of 
drafting, graphic art, photography, 



and electronics, This * later study 
focuses an shill development and/ or 
"productiqn procedures^ The^ com- 
munication process is ignored and 
the potential impacts of communica- 
tion are forgotten, > ^ ^ • 

This is a mistake. We are again 
-teaching trade and industrial educa^ 
tian under a' new name- 
Technology, Education? We must 
rethink " what the purpose of 
Technology Education is and focus 
the study an the technical systems of 
communication, manufacturing, 
transportation, and construction and 
their impact on society, \ 

In the area of •* communication 
technology, we should analyiW each 
of the following technical areas as 
identified by' Gore and Robb (1981): 
writing, drafting, graphic arts; 
photography, microforms, 
telegraphs' recordings, rcfSios, 
telephones, televisions, film,' corn- 
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put,ers, : Jsnd . satellites. In this 
) analysis 'attention must be directed 
equally on the following content 
focusers: Their history, their signifi- 
cant * technical developments, their 
use and operation, and their poten- 
tial, impacts ■ on individuals and 
society, * „ 

The classroom study must focus 
•on all of the above iterns. We need 
to constantly review the com- 
munication machines and their con- 
sequent 4 processes in an evolu- 
tionary process from contemporary, 
as well as, past and future perspec- 
tives. However, is it not necessary 
to dwell on all technical means in a 
given area of communications. Be 
selective and select only those that 
have been most useful to society, In- 
troduce technical skills to students 
where they are needed to keep the 
study interesting. This would be 



"Industrial arts should 
be nlore than the 
transfer of outdated irir 
dustrial skills to our 

youth," ' ' " 



similar to the training of students to 
work on the assembly line in the 
technical system of manufacturing* 
However, concentration should be 
place on what neeefflrto happen for 
the particular communications pro* 
cess to talife place. Also, .the most 
Important factor is .to have students 
evaluate various means of com- 
munication and how they hgye af- 
fected populations throughout 
history. 

Typical examples of how this 
study could take place in the 
classroom are described in the 
following 'dialogue. First, if you 
choose to study the technical area of 
graphic arts, you might wish to start 
with screen process printing. This is 
an intriguing area for most students, 
You could begin the school year by 



haying Students hand to* stencil film 
of some logo arid t1<je> The students 
could print these, on felt Wquares or, 
T-shirts, However, bs an instructor 
you 8 fi ©jj I d foe u s d is cuss ion and in- 
struction pf>V the technical uses of 
screen printing and the operations 
which must bW followed for this com-- 
m u n i ?a ti o n / to \ occu r successfully.- 
After you have performed the activi- 
ty, discuss with the class the impacts 
that screen process printing j (com- 
munications) have had on ; society 
and the age group of the students. 
Discuss made-to'order T.-shitts, 
tapestry prints," posters, beverage 
containers, etc, Also discuss, the 
significance .of this given cdm^ 
mumcations technology, such as in 
divdiduality, advertising/ and 
aesthetics. From screen process 
printing move on to earlier graphic 
arts technical processes and more 
contemporary processes, Review as 
many processes and technical 
developments as. possible. However 
only= venture into -student printing 
activities that are of high interest to 
the students, . • ' 

" Examples of activity areas could 
include printing of stationary with 
linoleum block cuts and hot type as 
a past era of graphic areas and the 
printing-- of iron-on transfers with 
offset . lithography v Be as broad bas- 
ed as possible but remember to 
focus on the significance of the 
technical processes and the overall 
contributions and impacts the pro- 
cesses have haq on Society, 
Students should evaluate the' 
technical means to determine when 
and why they are or should be used. 
A good example, for this' analysis 
would be electrostatic printing. 

Another technical communica- 
tions area to illustrate this insltuc* 
tional flow would-be in the area of 
radio. You may wish to begin in-' 
struction in this technical area by 
focusing on the "CB" broadcasts and 
discuss their use to the community 
and individuals. Broadcast some 
messages from the class to local 
residents or truckers who may pass 
by the schooL This also would un- 
doubtedly provide some good public 



relations for the\ school and class, 
F i no f f yA r e v i e w- t h e si g n if i ca n ce and' 
impact the "CB" radio Has hod upon 
the American society and economy % 
\ From the VCB" experience you 
could Vriave Into other telecom- 
munications areas related to the 
"radio J Why not look at the use of the 
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com m u nicatio ns sate Mites a hd how 
they have made it possible to com- 
municate over longer distances. 
Discuss the impacts of satellites and 
possible deveJopmf hi hi the future 
for radio communications. This 
should ^be of interest to. the student 
and provide a springboard to work 
back) through the deyej op men t of 
radio 'Communications.v \ " A 
- A high motivational^area could be 
the trans istor radio. Discuss the 
historical development of the radio 
from Marconi to the transistor. How 



"co'mmu n 1 c a t lb n 
technology Is t bri#nted 
to an understanding off 
industry and tech- 
nology and ^ t heir 
significance and Impact 
o n i n d i v i d u a Is 
society/ 1 



does the radio operate and how 
does it relate. td 'the communication 
process. What has been its 
significance . to worfd - communica- 
tions, entertainment^ and the fami- 
ly? What impacts has the radio had 
on society? After the .students 
^become aware of the implications 
the^ radio has had on society, the 
family, and the individual, alJow 
them to construct a transistor radio; 
Do this using either standard parts 
or 4 purchase kits for assembly. 
Following the assembly by the class 
review" the process used by 
American industry today and the 
production in the ^Orient. These 
discussions and activities should 
assist the student to better unders- 
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tand the sjgrtificance. and impact of 
the radio ; to* the system of com- 
mumcation technology. ^ -\ V 
A final example witl come from' 
the technical area of recorded conv 
municatSons. /You could becjin this 
unit by reviewing and listening to 
different types of music boxes How 
dioV this tech nicaL means influence 
societies of the past and present* 
H ow 'does this : mecha n ica 1 means 



informqrien recording such as 
records, paper tapes for numerical 
control, computer cards, magnetic, 
tape, etc! They could also practice 
making tape recordings and ex- 
perience the skills that must go into * 
^good recording. ^.However, do not 
overlook tracing through thepffit- 
wark of the communications pro- 
cess, 'the sign if i ca nc & r,QiifJ ; uses of ; 
the differing technical^means, and 
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Figure 3— COMMUNICATION TECHNOLOGY SCOPE AND SEQUENCE 



produce music? How does the com- 
munications process flow? 

From this development move 'onto 
the historical progression of record- 
ed communications. You could 
discuss such technical means ^s the 
player piqnos, record players, wire 
recorder, marine depth recorder,- 
and various tape recorder devices. 
Students could collect materials for 



the impacts that these devices have 
had upon indivicjuals and societies. 
Although the above examples of 
case studies far graphic arts, radio, 
and Recordings are limited, they do 
provide methods for implementing 
programs in communication 
technology that are oriented to an 
understanding of industry and 
technology and their significance 



and impacts/upon individuals arid 
society. ThW is »n contrast to. in- 
dustrial arts programs .which are 
-sk!jj development focused andiean : 
toward trade and industrials pro- 
grams, i.e., printing, ; electronics^ 
drafting, and photography. 

When planning progrefms in com-' 
*ra;uriication technology*, we must - 
remember to study as many 
technical areas ; i writing, draf- 
ting, photography; television,;: 
microforms/ .film, etc, as f possible - 
^anid review the major technical 
developments (inventions or 
machines) within trreie a^eas. 
However we must focus our study on 
the history of the communication 
technical areas (past through con- 
temporary "and future times), the 
significant developments within the 
'area, their use and operation (in* 
eluding the communications pro- 
cess), and their potential impacts on 
Individuals and societies. We should 
continue to make our programs ae* 
tivlty based, however it is - not 
necessary to spend the majority of 
time working on the development of 
technical skills. Technical , skills 
should be introduced ; " Where re- 
quired to compliment the conceptual 
and affective information. They 
should be built where appropriate. 

Scope) and Setfuento 
A final point which must be treated 
in this analysis is a scape and se- 
quence for a secondary school com- 
munication technology program. I 
can foresee a structure as depicted 
in* Figured, "The program planners 
should /begin with an introduction in- 
to the area of technology, progress 
into the technical systems of 
manufacturing i communication, 
construction and transportation, 
then depart (with the students mak- 
ing the selection) into the 
knowledge associated with com- 
munication technology; This 
analysis can become more specific 
and technical as the instructor and 
students progress, in grade levels,^ 
The end might be a specialization by 
the student* into a particular voca- 
tion. This illustrates the progressiorL 
that can occur from general in- 
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dustrial arts education irito a 
specialized vocational trade and In- 
dustrial education program* ' ! J v 

* ■ ^ ' ~ '. : 

Summary 4 

*•; The aboye . discussion had as Its 
thesis the implementation of a com- 
munication technology program that 
would assist the Learner and teacher 
to understand pur communication 
systems in a technological society. It 



focused on the technical areas of 
communication from a secioeulturar 
perspective* Activities where includ- 
ed but technical skills were not t he 
ra i son d'etre. With programs, 
developed using this rationale, we 
might ^someday educate * our 
students about the technology |n 
their environments arid truly gain p_n 
image for our profession that is 
other than job training. £ ^ 



v. 
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Communication As A n 
Industrial Arts Area 



Mike Steczak 



Industrial arts has Been undergo- 
ing an evolutionary change fromra 
skill-based study of the work of 
craftsmen to one based on major jh- 
dustries and thejjp associated 
technologies. Significant progress 
has been made in developing pro- 
grams for the study of manufactur- 
ing and construction. However, 
the^se programs do not encompass 
the wide range of. industries found 
in the American ecdnomy. Those in% 
di/stries which specialize in produc- 
ing communication messages have 
either been Ignored or given" limited 
attention.* ; _ : - w 

'A view of the future indicated hat 
information processing ^nd com- 
munication are going to continue to 
|/icr#ase their significance in. every- 
day life. Students must be given a 
foundation for understanding, using 
and controlling this expanding 
technology if they are to be fully 
educated. This seems to be part of 
basic education which is in the scope 
pf~ : Industrial arts. 
■ ^ '>What Is Communication? ^ 

Communication is a basic 
phenomenon of the culture and in- 
volves the exchange of ideas and in- 
formation by any means, For the 
purposes of identifying content for 
industrial tarts the communication's 
industries are " those enterprises 
which convert information Into 
messages. These enterprises may 
be grouped. The one grouping c that 
seems to - have the most utility, 
breaks communications into 
publishing, filmmaking, broad- 
casting and data processing. Each of 
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-these four el^rients have a basic 
technology— effic lent practices and 
a group of companies which use- 
these, technologies , in a managed 
production system, For example the 1 
publishing group includes book 
manufacturers^ commercial 
printers, newspapers and magazine 
publishers, greeting card manufac- 
turers, ..and so forth. Likewise, 
Broadcasting includes enterprises 
which deliver messages by radio 
and television media. 



DecoaTng — the receivers act 
of receiving, interpreting, syn* 
fhesizing and reaction to the 
message , -. , , 
:A model of the communication 
process which better helps, one to 
understand what takes place In 
communication is shown in Figure 1, 
One cannot fully understand the 
communication process unless* you 
look at the productioh/ 3 activities 
associated with the production of a 
message. Figure 2 shdtos the basic 




Storage and Retrieval 



Decade 



Receive 



Encode 



# Figure 1 —COMMUNICATION PROCESS 



How Pc* Wm Communicate? 

Whenever communication is ac- 
complished a basic procedure Is 
followed. Every message is first con- 
ceived as an Idea or Information in 
the mind of the source* The jnforma- 
tion is then converted into messages 
through a four-step "process which Is 
as follows; 

1, Encoding , — designing the 
message using standard sym- 

'• bols "- * , 

2, Transmitting •. - preparing the 
message for production and 
p roducing the message 

3, R<: K ing - — delivering the 
message to the intended 
receiver 



production activities needed to pro- 
duce a message. 

An expa n s i o n of t he ^j* rddu ct ion 
Activities wi|l s ho w t h e rrig jd r steps 
encountered -\i n f>rb d u c i n g a 
message in any one* "of* the four 
fields previously stated thqt makeup 
the communication media, Figure 3* 
How Do Wo Teach * 
About Comm unlcs tion 
. Models and definitions serve a 
definite purpose but become useful 
to industrial arts teachers and their 
students only when they "are 
transformed Into a curriculum, 
course or unit of study. The re« 
mainder of this discussion will 
center on a proposed structure for 

- , # * 25 
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Figure 2— COMMUNICATION 
PRODUCTION ACTIVITIES 



an introductory communication 
course and a presentation of 
selected student activities. 



The major decision which must be 
made Involves the structure of the 
course. At least two, alternative* 
present themselves. The first' would 
be to study the four production ac- 
tivities shown In Figure" 2 as the ma* 
[or units in the course, The other, 
and seemingly tfnore functional ap- 
proach; would Be to use the.foyY 
baste industries^Vpublishing, rilm- 
making, broadcasti^g^and data pro- 
cessing as the vehlclfi to study the 
conversion of .Information, into 
messages. This approach allows the 
teacher to^eoncentrate on t^e major 
gj^vities of (1) designing t|ie ' 
message, (2) preparing to. produce 
the message, (3) producing the 
message, and (4) dejivering ^the 
message. , Within ^fhe course- the 
teacher may present the practices' 
commqn to ah four industries during 
an in-depth view of one selected in- 
dustry and the unique" 43 practices, 
while studying Jh'e other incjustrles. 
For example an in-depth jltudy of 
the practices, oft-- designing the 
message flight be studied during 



the publishlngf industry unit' and the 
design practices , unique to broad- 
casting, data processing and film- 
making would-be p?j|gnted~ during 
the study of those areas. This ap~ 
p roach allows the teacher to avoid 
redundant discussiorwbfedesign prin- 
ciples and delivery practices and 
therefore grevides an opportunity to 
enlarge the section on preparing far 
production and production where 
the major differences^ among_the in- 
dustries* seem to lie. For example 
publishing, filmmaking and broad- 
casting messages- all follow a 
simHqr design process but use unit 
quely different production techni- 
ques.- Also, delivery is much more 
visible in the study of broadcast ac- 
tivities' than other communication 
grouping (see Figure 3), ;.. -/ 

With these concepts in lmind the 
following skeleton course structure 
and selected student activities are 
presented as a point of departure 
.'for further discussion, development 
and refinement. *■ - - 



, | PUBLI 



SHING* 



FILMAAAKfNO 



BROADCASTING 



DATA PROCESSING 



DESIGN THE 

MESSASGE 



PREPARE TO 
PRODUCE 
THE MESSAGE 



PRODUCE 
THE MESSAGE 



Assess Market « 
Establish Format 
Gather Information 
Write Copy 
Design Graphics 
Edit 



Prepare Layout 
Generate Copy 
Generate Graphics 
Prepare Parteups . 



Produce Image Carrier 
Transfer Image 
Finish Product 



Prepare Scripts 



Schedule Production 

Cast 

Stage 

Rehearse 



Film Scenes 
Develop Film 
Edit Film 
Produce Master 
Reproduce Masters 



DELIVER 

MESSAGE 



I2L 
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Pack Product 
Ship Product 



Record Scenes' 
Edit Recording 



Encode Signal 
Transmit, Signal 
Decode Signal 



Draw Flowchart 
Write Program 



Encode Information 
Process Information 
Store Information 
Decode Informatton 



Figure 3— PRODUCTION ACTIVITIES AS THEY RELATE JO DIFFERENT COMMUNICATION MEDIA 
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Possible Course Outline for Gonynuntcaf ions 




CONTENT 


STUDENT ACTIVITIES' 


LENGTI 


rt (Day) 


What Is Communication? j „ *~ 


•: v ' ■ ■ • ' 

Discussion N 


9 Wk 


>8 Wk 


s . i ; 


1 , 


r — 

Evolution of Communication^ 

: V • " ' 


Discussion " *w 

■ ■ • 




1 


Introduction To Design and* & 
Technical Drawing 
' — Principles of Design 
—Types of Drawings 
— Computer Graphics ( 


Rough Sketching 
Refined 'Sketching 

one view - \ 
— multiview ■ 

—Tour of manufacturing facility __ 
w that uses computer^pq^hier^ 


5-7 


., 8-10 

"; 


t*t t \~\\ t e ^ i nrt It^Hii^trv/ -• ^ s * - 

" —Types of Image Carriers 
; — Audience Analysis 

— Image Generation 

— Pasteups 

— Image Transfer " "* 
. — Finishing Processes 


- Design and Produce A- . . - 
Greeting Card 

Processes that could be used" 
Offset printing 
Spirit duplicator 
Screen printing 


10-14 


17-20 r . 


- - — — 

. Filmmaking Industry m' 
—Types of Products 
—Preparing A Storyboar*d 
—Staging Shots 
.—Exposing Film 
—Processing Film . 


Design and Produce A . 
Photographic Story 
Using One Of The 
Following: Slides, 
FMmstrips, Prints 


9-12 


17-20 


Broadcasting Industry 
—Types of Products 
—Writing Arid Editing Scripts 
—Staging And Rehearsing 
— Recording Programs 
—Transmitting Programs 
—Receiving Programs 


Design And Produce An 
Advertisement, A Public 
Service Message ©r An 
Instructional Program Using 
Radio Or Television As A 
Media, 


9-12 . 

* 


I 15-18 


Data Processing Industry 

• —What Is Data Processing? 
—How Is Data Processing Used? 


View A Film On Data Processing Or 
Tour A Data Processing Center 
Sortie laboratory experience using one 
of the many microcomputers available 
In your school system (Radio Shack TRS-80, 
Apple II, Commodore PET, or Atari) 


3 


9 


Synthesis 


Given information to 

communicate and identified » 

audience select a media then 

design and produce an 

appropriate message. 


0 


s 

12-14 
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E. Keith Blankenbdker 
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Providing t educators with a 
framework for identifyinb the con-* 
tent of construction technology and* 
suggesting guidelines for the 
development of classroom activities 
which will effectively communicate 
this knowledge are the major pur- 
poses of this paper. The information 
"is organized ipto three segments. 
First* the fundamental practices of 
construction technology are iden- 
tified. This outline of practice pro- 
vides educators with a means of 
«■ identifying the concepts which 
should be included in a construction 
curriculum, Secondly, the* construc- 
tion industry will be described in 
terms of the quantity of the various 
types of projects which are being 
built in the U.S. This information will 
assist the educator select examples 
to present to their students which 
truly reflect the nature of this 
diverse industry. Finally, 
generalizations will be presented to 
guide educators in the development 
of activities appropriate for the stu- 
dent being-taught, . : 
The Content of 
Construction Technology 

Construction technology is defin> 
ed as the practices mankind utilize 
to build structures' or other con- 
structed works on a site. This defini- 
tion includes the management prac- 
tices necessary to initiate, design, 
engineer* finance* erect* transfer* 
and service constructed works. Con- 
struction technology encompasses 
the production practices necessary 
to clear the site* build the structure* 
landscape the site* and service the 
finished project. This definition'also 
1 includes personnel practices which 
enable people to work together to 
produce the desired construction 
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product. Note that the definition 
limits * construction -technology ,fp 
those practices utilized to produce a 
project on a site, thus distin- 
guishing construction from manufac- 
turing, The production of con- 
structed works tends to be unique 
for each project and the practices 
required are frequently very dif- 
ftrenf from those utilized in 
manufacturing products, In fact* the 
differences are so great that study- 
ing either one provides only limited 
understanding of the other. 

The above definitions and descrip- 
tion serves to establish the scope of 
construction technology but it is an 
insufficient guide for educators as 
they design curricula. Educators 
must have a complete* detailed 
description of construction practices 
before they can^ make adequate 
decisions about what should be in- 
cluded or excluded from a curricula 
or course. The abridged taxonomy 
of construction practices presented 
herein was originally developed by 
Hauenstein* then refined by the In- 
dustrial Arts Curriculum Project* and 
later reviewed by the Construction 
Fducatien Curriculum Project, 
Because all three of these efforts in- 
cluded extensive work with a varie- 
ty of experts from construction* it is 
believed that the taxonomy is com- 
plete and accurate. 

As the reader studies the tax- 
onomy it Is important that the 
following characteristics be kept in 
mind: 

1, Each practice : i| identified by 
words in the gerund form 
("ing" words) to denote action. 
I 2. The structure orders parts into 
wholes, 4 Each of the detailed 
practices ^are categorized 
, within a more generalizable 
.high level category, 
3, The taxonomy is comprehen- 
sive because it identified the 



practices of ^construction, 
* ''beginning with the initiation. of 
^ a project through the bui (cling 
and. servicing of constructed 
. works, , . ~v_- r 

4, The taxonomy identified prac- 
tices without specifying" 
methods or specific tools. This 
i nsu i res that" the taxonomy will 
remain resistant . to ob- 
solescence. This characteristic 
also enables new . methods,; 
tools* and materials to be add- 
ed to accumulated knowledge 
& of construction, tefhnologyyi^^ 
5» This taxonomy avoids the con* 
fusion and everjap caused by 
content identification schemes- 
which becjin by Identifying job 
" titles and .proceeding to 
- describe the work performed 
by employees ir) each job 
category. The focus of this tax- 
onomy is on - the practices 
employed regardless of the job 
title of the person who per- 
forms the work, * 
6, The construction taxonomy has 
a "story telling" quality in that 
the^identified practices tend to 
jfe e employed sequentially ds 
projects are designed and 
built. 

The taxonomy of construction 
technology is comprised of three 
major sub-categories - of practices. 
The integration of management, 
production* and personnel practices 
enables the construction Held to ac- 
complish its mission, Sy studying 
these practices systematically and 
providing opportunltes for the in- 
tegration of the knowledge, 
students ar& able to comprehend 
the breadth of the field and develop 
specific skills related to each of the 
practices selected for study. 

The following' segment presents 
an abridged . version of the tax- 
'ondmy of construction practices. The 
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reader who ^interested in studying 
the complet^ygxonomy Is directed 
^te reference three; In ,. the- 
bibliography/* 

Construction Technology 

CONSTRUCTION MANAGEMENT 
. TECHNOLOGY 
1 I rUjMati rig/ the. Project ^ ? • 

: 1;1 Fprrnutatingv < 
'•.••= V,) , 1 Determining -. 

Objectives ^ 5 

1,1,2 Researching . _y, 
; ^1 i% Administrating the Project r 
1.2.2 Authorizing , 
1 .3 Project Programming ; ; -V 
1 .3.1 Evaluating = V - 

• 1.3.2 Selecting 

; - " 1.3.3 Presenting 4 \ 
* 1,4 Financing the .Project 

1 .4.1 . Appraising Property 

1 .4.2 Estimating Probable 
Costs (land plus 
construction) 

1.2.3 Funding . V 
1.4.4J3ocument»ng\ 

1 .4*3% Budgeting 
Developing the Project * . 

2.1 Designing 

2.1 .1 Evaluating Concepts 

2.1 .2 Postulating, Solutions 

2.1 .3 Selecting a Solution 

2.2 Engineering 

2.2.1 Interpreting Drawings 
ahd Reports 

2.2.2 Establishing Detail •'. 
Design Criteria 

and Standards 
2.2 3 Analyzing 

problems— Proposal 

2.2.4 Estimating . . V 
Sizes— Capacities 

2.2.5 Detail Designing 

* 2,2.6 Specifying 

3. Implementing '• 
. . 3.1 Contracting * " * 

^^1.1 Advertising the Bid(s) 
) 3.1.2 Preparing ild(s) - 
J 3.K3 Accepting Bid(s) 
' *3.2 Construction Programming 

3.2,1 Scheduling 
■ r ■ 3.2.2 Routing 

3.3 Procuring 

3.3.1 Subcontracting 

3.3.2 Employing 

3.3.3 Purchasing 

3.3.4 Leasing 



3.4 



3.3.5 Obtaining Licenses,; 
. Permits, and 
AuthorizatiSrfe 
Supervising Construction 
3.4*1 Directing 
1374^2 Authorizing 



CONSTRUCTION PRODUCTION 
TECHNOLOGY ' * .-. 

1 . Preparing jhe Site •- " ^ 

1.1 Clearing the Site ^ 

1-1.1 Providing Temporary 
r- , >. Access and Protection 
v - 1.1.2 Reducing Obstacle^ 
J**- lYl;3 Handling Materials ; .- 

1.2 Setting Up Temporary 
facilities ' 

1.2.1 Establishing 
Temporary. 
Shelters 

1 .2.2 Providing .Temporary . 

Utilities 

. 1.3 Surveying for Construction ■ ■ 

1.3.1 Referencing to 

Existing: Features 

1 .3.2 Laying put The" . v 

Structure • * , 
1,4 Earthworkmg 

1.4.1 Mobilizing Equipment-; 

1.4.2 Egrthmoving 

1 .4.3 Peotecting Existing ■. * 
>;' Utilities and Structures 

- 1 .4.4 Shaping and 

Stabilizing Earthwfcrks 

2. Building the Structure 

2.1 Setting Foundations 
2.1-1 Making and Placing 

Forms v - * 

2.1.2 Setting Reinforcement 
, 2,1 .3 Preparing Foundation ' 

Materials ; 
2A .4 Handling Materials 
2.1.5 Bonding 
* ■ 2.1 .6 Curing 

2.1.7 Removing Forms 
2,1*8 Finishing Foundations 

2.2 Building the Major Structural 
. Elements 

2.2.1 Preparing Materials 

2.2.2 Fabricating 
Components and 

• • Temporary = 
Forms 

2.2.3 Setting Reinforcement 

2.2.4 Handling Materials 
and Components 



\ 2.2*5 treating 

2*2.6 Removing Temporary 
. * Forms 

2.2.7 Finishing 

2.3 Installing Circulatory 
Systems 

\ 2.3.1 Installing Permanent 

Utilities and 

* 4^ Mechanical 

• X . Plant > 

=■/• 2,3.2 Providing Temporary , 
Equipment 

2.4 Completing the Structure 

2.4.1 Enclosing the Structure 
(rough finishing) [ 

I 2.4.2 Finishing the Structure 

- (fine finishing) 

2.5 Completing the Site 

* 2.5.1 Removing Temporary 
Plant and Facilities 

2.5.2 Landscaping * 
2.5.3. Building Features 

?i 2.5.4 Shaping and finishing 
Earth ' v 

2.5.5 Removing* Landscaping 
_ , ^ i Equipment and Debris 

' CONSTRUCTION PERSONNEL 
TECHNOLOGY • / . 

: ; •' f 

1 , : ' Hi ri ng' ^ / 

1 .1 Recruiting 

1 .2 Selecting .. , 

1.3 Inducting ■ 

2. Training . * / 

2.1 On4he Job Training 

2.2 Other Training 

5. Working ' 'S f 

3,1 Providing Economic Rewards^ 
3.2 -Providing Physical Setting 

3.3 Erovidjng Social Environment 

4, Advancing b . 

4.1 Promoting * 4 H 

4.2 Demoting" 

4.3' Discharging # 

5. Retiring '* 

5.1 Counseling 

5.2 Pre-Retirement Job -'" 
Engineering 

5.3 Recdgnizjrrg,Service % r 

* 5,4 Awarding Retirement 

Benefits • • a *; 

This taxonomy is the first tool the 
educator requires in the effort ' to 
develop appropriate instruction 
related to the field of construction 
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Table 1 
CON 
THE 



teehnelogy. It must be remembered 
that any educator who pYoports to 
teach construction technology is 
responsible to present a com- 
prehensive view of construction 
Which rncludes all of the higher 
level generalization identified in the 
taxonomy. Anything less Is only a 
part ©f construction and Is therefore 
Inadequate to meet the general 
education goals of industrial arts, e 
Tho Nature of Tho Construction 

Industry In the U.S. 
The second Input educaTors^need 
to prepare instructional materials 
adequate to teach construction is an 
understanding of the nature of the 



quantities of various types of 
struction projects which are com- 
pleted annually. If thls^nformation 
is coupled with realistic projections 
of the trends in the industry, 
educators can choose examples and 
activities for inclusion in a course on 
. curricula which are truly represen- 
tative of construction. One relative- 
ly simple way to characterize con- 
struction is to utilize U.S. Depart- 
ment of Commerce data for the 
value of new construction put in 
Jfjiace annually, Table 1. 

From these data It is clearly evi- 
dent that any curricula which pro- 
ports to ^eajch construction 
technology in total must include ex- 
amples and activities from resident 
'tial, non-residential, public utility, 
and highway construction. Anything 
less will result In students having a 
myopic understanding of construct 
tton technology. By, including ex* 
amples and activities which are 
representative of the major types of 
construction, the principles which 
the educator seeks to teach can be 
generalized by the student. 

Educators who combine the tax- 
onomy of construction practices with 
an understanding of the types of 
construction projects which are be- 
ing built is able to create a curricula 
or course which adequately portrays 
the concepts and generalization of 
construction. The actual design and 
development of such a curricula or 
course requires the application of 



VALUJ ©F NiW CONSTRUCTION I PUT IN 



Type of Construction 

Total New Construction,, 
Residential Buildings..... 



Current Dollar Value 
(in millions) 



* ,230,273 



88,909 



Single family. 

Multi-family^,,,,,,,,, 

Non-housekeeping ......... 

Additions and alterations. 
,' Public housing ............... 



45,662 

17,476 
.v........ 2,996 

21.125 
.......... 1^648 



Non-Residential Buildings . 69,650 

f ......... :. 15,625 

...v.... . 13,318 

16,627 

, 1-637 



Office 

Other Commercial ......... 

Religious ............ ........ 

Educational 

Hospital and Institutional 
Other Non-Residential .... 



?,225 
5,831 
7,387 



Farm Non Residentail 5,274 



Public Utilities 

Telephone and Telegraph , 

Gas :,..,..,.„„„, 

Electric Light and Power ,,, 

- Railroads 

Petroleum Pipelines....:.... 
SeNA/er Systems 
Water Supply Facilities .... 
Miscellaneous ............... 



Highways and^St reets ............. 

■ i " ' . . ' ■ 

....... i __. j 

Military Facilities ................... 

Conservation and Development 



45,683 
6,733 
2,643 

17,340 
1,153 
809 
7 171 
3,266 
6,568 

13,785 

1 ,880 



...... 5,090 



educational expertise to insujejn 
efficient, effective instructional pro- 
gram. *" »; 



The first decision which the 
educator must make is to determine 
the goals of the curricula. If for ex- 
ample, a complete construction cur- 
ricula is to be developed for grades 
602 it would be essential that all 



practices identified in the taxonomy 
be included somewhere in the cur % 
rfcula. It would also be necessary 
that the basic types of construction 
prefects be included in the examples 
and activities which become the in= \ 
structionar program. If one further 
assumes that only one construction, 
course will be required for aH 
students, it will be important that 
this course include all of the higher 
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level practices from the\taxorfbmy. 
Also, representative examples and 
activities must be included to help 
the student form appropriate 
generalizations about the applica- 

. tion of these practices to the various 
types of construction projects, 

Given a set of goals for a course 
and some idea of how a represen- 
tative sample of the various types of 
construction will be presented, it 
becomes the responsibility of the in- 
dustrial arts educator to design or 
select activities which will serve as 
vehicles for the students, to learn the 
desired content, The concept of the 
activity being a "vehicle" which pro- 
motes learning can not be over em- 
phasized. Any physical product 

~wh?c hi* results" from the activity is 
secondary, The responsibility of the 
educator is to increase the students 
knowledge 7 and understanding of 
the world in « which we live* 
.Therefore, Resigning activities 
which effectively and efficiently im- 
part the desired knowledge, skills, 
and attitudes is . the only critical 
measure of the worthy of an activity. 
When selecting or designing ac- 
tivities it is important to understand 
the development, experience, and 
interest of the students being 
taught, One of the major strengths 
of industrial arts continues to be the 
active physical involvement of 
students in the learning process. By 
knowing the developmental level of 
the students in both a physical and 
cognitive sense, it is possible to 
develop activities which maximize 
the student's opportunities for suc- 
cess in the learning environment, 
The interests of students are impor- 
tant to the, . selection of activities 
because interests directly effect the 
level of motivation' students bring to 
the learning activity. 

All learning activites must pro- 

• due© growth on the part of the stu- 
dent, This may be achieved by ex- 
tending and enhancing the 
knowledge and skill already 
possessed by the student or by in- 
troducing the student to new con- 
cepts and generalizations. In either 
case, the expectation exists that a 



change will take place within the 
student as a direct result of the ac- 
tivity* a ' * - ; - 

For the purpose of facilitating 
learning it is frequently necessary 
that some activities focus on a single 
construction practice, e.g. hiring 
construction workers. However, 
some activities must be included 
which enable students to ex- 
perience the Integration of construc- 
tion practices as they will be ex- 
perienced in the adult workL For ex- 
ample, designing a new school 
building may include/ many of the 
construction management practices, 
Simulation and role playing are in- 
structional strategies which provide 
excellent opportunities for Integra- 
nt ion — orr-t he—p a r t— of— student^ .—I t- 
should be noted that integration ac- 
tivities may extend over relatively 
lorfg periods of time even for young' 
students* provided that hew 
challenges and the accompanying 
opportunities for learning are in- 
troduced frequently. In fact, the ac- 
tivity tends to increase interest and 
motivation for each rv? w demonstra- 
tion or discussion. 
.. To maintain interest and provide 
opportunities for all students to ex- 
cel, -it is essential that a variety of 
different types of activities be in- 
cluded in any course. When design- 
ing a course, .educators should in- 
clude a balanced variety of Instruc- 
tional strategies. The instructional 
strategies which have been found 
particularly appropriate for con- 
struction technology include group 
projects, simulation, role playing, 
individual investigation, research 
and development, and field trips. 
These activities must be sup- 
plemented at the appropriate time 
by teacher lead lecture/discussion, 
demonstrations, and audio-visual 
presentation if the instructional pro 
grams is to be successful. 

It is recognized that.the sugges- 
tions for selecting or designing ac- 
tivities to teach construction 
technology presented herein are in- 
complete in that they do not include 
all of the factors which educators 
must consider. However, the 



generalizations identified are 
believed to be the most significant 
because they focus , on maximizing 
the learning which will result from 
the experiences in Which the 
students engage, " I 

Summary 

, The first step in developing any 
curricula or course is to Identify 
what is to be taught. The taxomony 
of construction practices and the 
decryption of the construction In- 

- dustry in terms of the types of con- 
struction put in ptace annually pro- 
vides a basis for completing this 
step In the curricula/course 
development process, The second 
major task Is to select or develop ae- 

— tiv it ies-wh ich-wi 1 1 ..serve :as^-vehicles.._ 
to promote student learning of the 
practices which one seeks to teach. 
Maximization of the results of this 
step depends upon ones ability to 
couple an understanding of students 
with the need to teach the content 
identified in the first step. The addk 
tional ingredient which.the educator 
must Include in the design of the 
course is. a balanced variety of in- 
structional strategies which ^will 
enable all students to excel in at 
least same o^^e activities, 
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Introduction 

Construction Technology Educa- 
tion as presented in this paper, 
originates in the context of the Il- 
linois plan for Industrial Education. 
This, Plan evolved over the period of 
s ti v/eral years r^th ro ug h the involve- 
ment of many different groups. 
After an extensive review of the 
literature, advisory committee were 
formed to review the state of the? 
art, and to make suggestions for in- 
dustrial education In the State of Il- 
linois. In addition to the advisory 
committees, teacher educators from 
all institutions that prepare in- 
dustrial arts teachers, and the state 
curriculum consultants for industrial 
education also had extensive input 
into the development of the Illinois 
Plan for Industrial Education (see 
model, next page). 

Within this model, Construction 
Technology Units appear in the sec- 
tion designated as "Exploring In- 
dustry and its Technologies'', These 
units are scheduled to be fa ught in 
the middle or junior high school pro- 
gram. Sorne of them appear again in 
the Production Systems course that 
is designated for the ninth or tenth 
grade. After the Production Systems 
course a student may elect to take a 
construction oriented vocational 
program. However, Construction 
Technology, as referred to in this 
paper is a general education offer- 
Ing that proposes to orient the stu- 
dent to the entire area of construc- 
tion. 
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The Construction 
Curriculum Model 

For purposes of curriculum 
development, the following model is 
presented to assist the teacher in 
determining the units of instruction 
that are appropriate to be included 
In a Construction Technology offer- 
ing. In order to conserve space the 
taxonomy is only taken to the third 
level. This Is sufficient to determine 
units 1 of instruction although for 
topics within units a further 
breakdown would be beneficial. 

Curriculum Model 
I. Construction Technology 

A, Resources 

1 . Personnel 

2. Tools 



i 



3. Materials 
4* Capital 
5. Energy 

Technical Processes 

1. Managing (POC) 

a. managing people 

b. managing' resources 

2. Processing (SFC) 

a, preparing to build 

b, setting foundations 

c, building 
superstructures 

; d; installing utilities J 

e. enclosing 
superstructures 

f. finishing the project 
Industrial Applications 

1. Structures 
a* residential 



The Illinois Plan 
for Industrial Education 
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Advanced 
Technical 
Studies 



Oifi Coda 
Vocational 
Programs 



. Industrial Systems; 
Communication 
Energy 
Production 
Transportation 



Exploring Industry 
' And Its 
Technologies 



Industrial 
Studies 
Units 



GRADE LEVEL 



PREPARING for 
Ufa in 
An Industrial 
Society 



Becoming 
ORIENT! D to 
Industry 



EXPLORING 
Industry 



Becoming 
AWARE 
of Industry 



PROGRAM 
EMPHASIS 
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b. commef 

c, heavy/highway 
2. Services 

a. install 

b. maintain * 

c. repair 
0, Technological Impact 

1 . Environment 

a, conservation 

b, aesthetics 

c, population density 

2. Society 

a. employment 

b, life cycle 

c, economics 

d. education 

Implementing The 
Curriculum Model 

In order to implement the model 
presented, the following sugges^ 
tions are presented: 



1. All units must include aspects 
from the four main areas 
within , the model (resources, 
technical processes, industrlaj 
application, and technological 
impact). t ; ■ 

2. A unit may originate from any 
of the four main parts of the 
model. ; A \ 

3. A unit may vary in length, Just 
. as long as each*un!t has con- 
tent from each of the four main 
areas. ' ' v \ 

4. The teacher of the ufM| should 
develop the details of t|e unit. 

5. Learning activities should be 
selected that involve students. 
Hands-on experiences should 
be extensive. 

These suggestions for implemen- 
tation offer a numbep^^f^a^avaTT^ 
tages. The first is that of flexibility. 



This is very important In (unior high 
programs because $ of fhe" wide 
variance In facilities/ dnd the 
amount of time ^students are in in- 
dustrial arts courses. Secondly, each 
unit^will have content from all four 
major areas, and, thus, have bread- 
th—an important feature of. an ex- 
ploratory program. And finally, the 
teachers have the opportunity the 
make the units their own by^llling in 
the details and deciding which lear- 
ning activities will be most effective 
in teaching the content. These 
aspects often depend on localized 
conditions such as facilities, length 
of course, resources available, 
developmental level of the students, 
and the expertise of the teacher. 
^The following Unit Plan is provided 
^1^^urther^assist-in-deseN 
the model can be implemented. 



SAMPLE UNIT PLAN FOR A ONE SEMESTER CONSTRUCTION COURSE 



UNITS 



UNIT I 



CONTENT 



Introduction to the course 

Assignment of lockers 

General laboratory procedures 

Emergency procedures . 
Jobs in construction 
Construction processes 
Types of structures 
Impact of construction on 
community 



ACTIVITIES 



Teacher directed 



Illustrated presentation using slides taken locally 
to show people working in construction; various 
construction activities, and different types of 
structures. 

Discussion of the impact of the construction industry 
on the community. 



The major learning activity far the succeeding unit will 
be the construction of a play house to be used by smaller 
children. The child care program in the high school, 
private nursery schools and families with small children 
are potential customers. It is suggested that the cost of 
materials be paid for by the recipient of the house. 



UNIT II 

MANAGING 

PEOPLE 



Researching 
Designing 

Engineering 
Scheduling 



Divide class into groups of four or five students. Each 
group gathers pertinent data such as zoning re- 
quirements, siies of material and uses of building, 
customer's desires, etc. Each of the groups designs and 
engineers the building. Teacher will need to teach sket- 
ching skills as well as how structures are layed out and 
assembled; Once designs have been sketched and 
models built of paper and/or styrefoam, the customer 
selects the design to be built, Each group makes detailed 
drawings of various parts of the building, Through a 
carefully guided class discussion, the work is scheduled. 
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Being Employed as Architects 
Engineers/ Etc, . ' 


Using the -"yellow pages" determine; the .architectural 1 
services available ih the community. Call at least one 
firm to determine education needed; supply/demand, 
offering, programs, pay f etc. • /. • *■ 




k 

UNIT III , 

MANAGING 
RESOURCES 


Selecting Mstetiqts ' * 5 

Estimating quantities and costs 

'Preparing bidding documents 
Procuring _ 


" Each group gathers information in relation to the parts 
drawn in an earlier assignment/ Also, assign such things t 
as painti electrical Items, hardware, etc, to groups. 
Each group estimates quantities of items needed and the 
costs, ■ . * ■ ■ 
Develop specifications and select vendors. * 
Receive bids from vendors. Arrange for purchase and 
delivery of materials. 




UNIT IV 

BUILDING 
SUPER 

STRUCTURES 

^ . * -- 


Preparing materials 
Laying out - 
Cutting 

Tre aY\ n g-~- ^~ — ^ — ^ ... — — — 


Demonstrate layout procedures, use of measuring tools; 
saws, hammers, etc, = - - * .\. - * 
Each group should make the component they designed 
- andestlmated i.e. trusses, windows, doors, , t t 

_ TreatxilLwood- that, comes, in, con tact with the ground. 
Frame up the building. 

Use work sheet, the DOT and information from 
counselors ©ffice^tb determine characteristics of various 
jobs. * 




1 




Assembling 

Being employed as laborers; - 
carperiTers, roofers, etc. 




UNIT V 

INSTALLING 
UTILITIES' 


Installing electrical systems 

Being employed as 
' electricians, plumbers, 
heating/cooling installers, etc. 


Install a low voltage circuit for a doorbell and a light or 
v two with at least two switches; - 
Perhaps a parent could talk to the students about 
some of the occupations* ' ' * , 


UNI^VI 
ENCLOSING 

SUPER- 
STRUCTURES 


Insulating 

t , = . - ... - 
Drywalling, paneling 

Trimming ■ 

Being employed as drywallers, 
insulators, etc. 


Teacher demonstration. 

Have group insulate. 

Teacher demonstration, c 

Have a group instalMnterlor wall materials, ^ 

Teacher demonstration, 

Have a group trim out the building. 

Use handouts to helo students understand 

the characteristics of ^hese occupations. 


UNIT VII 

FINISHING 
TH| PROJECT 


Preparing subsurfaces 
Painting 
, Preparing the site 
Locating the building 
on the site 

Advertising 

V 

Being employed as painters, 
carpet layers, landscapers, etc. 


Teacher demonstration]. 

Teacher demonstration! One group paints. _ 
Arrange to. have building moved. 

Take pictures of students around building— get in the 
newspaper — may bring a s customer for the next class. 


UNIT VIII 

OVERVIEW OF 
CONSTRUCTION 
INDUSTRY 


Resources 6? 
Technical processes 

Industrial Applications 
Technological Impact 


Show curriculum model to students. 

Have students gather information from periodicals con* 

cernirig construction in their community. 

Emphasis should be on topics riot yet covered in the 

course. 
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, A meaningful orientotion to con- 
struction technology can be gained 
by learning obout the resources and 
processes used In construction, as 
well as their industrial application; 
and their impact on the environment 
and society^ The major components 
of the construction industry can be 
portrayed' through a curriculum 
which in turn can be used in plan- 
. ning units of instruction. By follow- 
ing a sound Implementation plan the 
students can be assured of a broad 
orientation t© the construction in- 4 
dustry. v . - 
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\ This is _ the third meeting In a 
series of symposia designed to in- 
vestigate the merits and promise of 
Technology Education, At Jackson's 
Mill in West Virginia, another group 
of recognized nationally active in- 
dustrial arts leaders also held a 
symposium (not a part of this series) 
to discuss curriculum theory for In- 
dustrial arts (Hales and Snyder, 
1981), The report from Jackson's Mill 
are uniquely supportive of the 
discussions which have been held in 
this technology education series of 
symposia. In a likeness to the topics 
which make up the agenda for Sym- 
posium III, the Jackson's Mill group 
also considers four unique areas of 
study and haves called them the 
adaptive technical systems (see 
Figure « 
The above systems have been 
recognized by some industrial arts 
professionals as an integral part of a 
contemporary teehnol©9y*based ap- 
proach for industrial arts, 
sometimes referred to as 
technology education. For the pur- 
poses of this paper,, technology 
education is defined as: 

The study of technology and 
its history, growth, and future 
development as they relate to 
industrial organization, 
materials, tools, processes, oc- 
cupotioni^ products arid pro^ 
Blems. It includes mulfi-and in- 
terdisciplinary academic and 
laboratory endeavors that help 
students explore their 
technological world, realize 
their responsibility ^ therein, 
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and better - cope with the 
cultural^ change caused by 
technological advance. 
(Wright, 1981, p. 19-20). 
Manuacturing is one of the adap- 
tive technical systems we have used 
to show how materials are process- 
ed using an organized master plan, 
It does that well and has been doing 
so in many of our industrial arts 
laboratories forvover thirty years. 
Converting - materials through the" 
use of machines and tools organized 
as a line production may help 
students understanding of theTjrn- 
* portant concepts Identified in the 
definition of technology education, 
,For some of those goals, we need to 
vadd the term enterprise and create 
a role playing simulation that can 
bring in the human relationships to 
the varied processes. 



By ^organizing an enterprise, we 
can create unique problem solving 
experiences in the technical, human 
and social areas that are not possi- 
ble in traditional industrial arts cur- 
riculum fare.; Enterprise can also be 
used with the other three adaptive 
technical systems or together as a 
capstone experience/ Enterprise has 
even been used by distributive 
education programs simply as g way 
to organize d (risk taking) company; 
which sells products for a profit. We 
sometim\ef call mis d junior achieve* 
ment program, \ 

Combining the enterprise and 
manufacturing segments together 
can be a powerful curriculum design 
that has the potential to help 
students gain unique experiences, 
opportunities ff>r responsibility and 
leadership, problem scHving exper- 




[Hales B Snyder, 1981, p, 24] 
. *arrew added by author 



Figure 1— TECHNICAL ADAPTIVE SYSTEMS, 
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tise and "Improvement in their 
overall level of technological 
literacy. However, the manufactur- 
ing enterprise conception raises 
three important questions that have 
not been addressed in the past, 

1, Should the manufacturing 
enterprise be student 
centered or teacher centered? 

2, What are the disadvantages of 

using the manufacturing 
enterprise at the junior high 
school level? • . .- 

3, How does a manufacturing 
enterprise work as a last ex- 
perience capstone course 
.which applies all of the adap- 
tive systems collectively into a 
common effort? 

These questions are rather open 
ended and may not have a cjear cut 
group of answers, they do, 
however, _ provide an introduction 
for discussion about several ^dif^ 
ferent ways to view the manufactur- 
ing enterprise experience and how 
it can make its contribution J to 
technology education. 

Student Centered 
vs Teacher Centered . 

Our obvious reaction to the first 
question is to answer "student 
centered of course." But do we in 
practice follow through with that 
idea? Most of the public school em- 
phasis in manufacturing -(I.A.C.P., 
Maryland Plan, American industry 
Project) have focused at "the junior 
high school curriculum. They have 
been well organized, activity 
centered with some very interesting 
role playing situations. They were, 
however, for the most part teacher 
centered. The teacher (or 
workbook) selected the product, 
organizational format, maintained 
control of supplies and money, con- 
ducted the testing, did the teaching, 
graded the wor^, assigned roles and 
salved tooling problems. The 
students acted out the roles, filled in 
the data far the worksheets; 
operated the jig or fixture, sold 
stock, bought the product and 
received a grade for the course. 

The reason for the highly struc- 
tured teacher centered approach is 



really quite simple. One cannot 
teach all^f the necessary machine, 
material and tool skills at this level 
and still have time to concentrate on 
the enterprise part of the course, 
That is, its more of a time/readiness 
problem than one which is based on 
philosophical issues^ 1. .-' - 



Technology Education; 
n The study of 

technology and its 

- - *w - . 
history? growth, and 

future development as 
they relate to in- 
dustrial organization, 
materials, tools, pro- 
cesses, occupations, 
product and problems* 1 ^ 



Disadvantages of the 
Junior High Enterprise 

It is very difficult, if not impossN 
ble, to teach tool and machine skills, 
organizational and management 
skills to seventh and eighth grade 
students and also allow them the 
necessary time to develop problem 
solving arid decision making skills. 
Technology and the social/cultural 
aspects of - evaluating: products, 
ecological problems, worker aliena- 
tion, new materials and alternative 
management designs cannot be 
covered at this level because the 
basic concepts of material process* 
Ing consume most of the time. This 
is a normal situation and should be 
expected. Since we usually begin 
the industrial arts experience at 
grade seven, it may be that we are 
asking for too much to© soon. We 
can run the enterprise (its done 
every day) at this level, but are we 
really maximizing the potential for 
an enterprise and are the Students 
really the decision makers? 

Recognizing the problems with 
teacher centered manufacturing, 
some teachers began to split up the 
enterprise and spread ! it over a 



number of years. By using a scope 
and sequence pattern, each cTass is 
designed to look into specif icareas 
such as design, research, testing 
and tooling. When the class gets in- 
to manufacturing, they may or may 
not be producing the same product 
they had designed or tested in other 
classes, That, of course* is not irh- 
porta nt, but problems do arise when 
students miss one of the courses in 
the series and then tend to loose 
sight of the total manufacuring pro- 
cess. This curriculum design has 
been crltized by some who claim 
Manufacturing I, II, III, and IV is not 
much different than Woodworking I, 
II, HI, and IV, That may be an unfair 
assessment because the enterprise 
is much more complicated than 
woodworking and lends itself to 
natural curriculum units which can 
be organized sequentially over a 
p er.iod ,oi; 1 1 m e - . " 



Advantages of 
High School f nter prise 

Perhaps the most obvious advan- 
tage of the high school level enter- 
prise is the experience that the 
students have gained from previous 
classes. Because , high school 
students are older, and have mare 
education {Including hands-on 
laboratory experiences), and tend to 
be more career oriented, they are 
able to successfully assume more 
responsibility for the management 
of the enterprise, They still role play 
well (this author has continued suc- 
cessful role playing experiences 
with college level seniors) and can 
solve some very complex material, 
finishing and tooling problems. In 
fact, if the enterprsie is offered 
towards the latter part of the high 
school curriculum, (in some states 
grade 10, in others grade 12) it can 
serve as a capstone experience and 
tie the Technology Education cur- 
riculum together. 

' Capstaning with 
Production-Systems 

The student centered approach 
can provide, more opportunities for 
students to experience and discover 
the concepts and goals of 
technology, education, Traditionally 
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we have used manufacturing with 
the enterprise concept. It is passible 
to run on enterprise in communica- 
tion; transportation and construe* 
tion also but we have not moved in 
that direction, : * 

The adaptive technical systems 
are tied Together in many ways. By 
looking at them in a broad , sense, 
one could call them part of o produc- 
tion system. That is, they seem to 
make mater contributions to the suc- 
cess of an enterprise which either 
produces a product or service.: That 
is the basic idea of capstoning with 
production systems. Organize an 
enterprise, select a product, have 
the materials and processes 
students work with *the product, 
communications students work with 
public relations and transportation 
students desig/v^the product 
transportation system and flow pat- 
tern. Combined, these are the pro* 

-d U C4i© n -J&y&terins-*- ' 



Combining the enter- 
prise and manufactur- 
ing segments can be a 
powerful curriculum 
design. 



Production Systems: 

All production enterprises use a 
variety of interrelated systems to 
make the company or corporation 
successful. The product is developed 
and produced using a materials pro- 
cessing system. Ideas and important 
messages are exchanged using a 
communications system* . product 
flbw In the plant and distribution 
outside the plant depends on a 
transportation system. Each of these 
systems are interrelated and in-* 
terdependent on each ©thee in an 
enterprise and thus can be called 
*the production systems* These 
systems are unique because they 
also represent broad classifications 
for the types of courses we offer in 
industrial arts programs. (See 
Figure 2.) 



PRODUCTION SYSTEMS 
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Figure 2— PRODUCTION SYSTEMS 



Organizing the Capstone 

The Production Systems enter- 
prise can be divided into three ma- 
jor organized phases: 

A. Launching 

B. Conducting 

C. Summarizing 

. Because the enterprise is. a 
_ca ps tone, th e _ _u s e _ of t opis, 
machines, and materials will not 
need to* be emphasized as much in 
the class. Instead, enterprise 
organization, product development, 
tooling and manufacturing techni- 
ques make up the care of the learn- 
ing content. The enterprise Js'stu*> 
dent ' oriented and the teacher 
serves' as an industrial advisor 
(Figure 2)/ 

Launching th© Enterprise 
The most Important part of a stu- 
dent centered enterprise is getting 
the/ organization off the ground. 
During dfe first class the idea of a 
capstone production is explained by 



the teacher. Examples of past pro* 
ducts are displayed and the high, 
points and low points (each produce 
tion always has a numbjer of these to 
laugh at once they are oyer) are 
brought out and the class begins a 
dialogue on some possibilities, To 
help the enthusiasm qlong f a, video . 
.^f^ nlng^itgpe Is shown frgm___the_ 
previous year. Being a 'student 
centered approach, the tapes are 
unedited by the instructor and have 
positive and "negative comments/ By 
the time the tape is over, the class is 
ready to get going, Using a very sim- 
ple organizational structure, the in- 
structor explains the major respon- 
sibility of each position (Figure 3), 

Contract performance grading is 
used and the instructor explains 
how the president will write the 
management contracts and the 
department heads will write the 
worker contracts. Because a union is 
required, the class will also write a 



PRESIDENT- 



INDUSTRIAL ADVISOR 



PRODUCTION ENGINEER 



r 



• ASST. PRODUCTION ENGINEER 



R&D HEAD TRANS/PROD HEAD MARKET/ CO MM HEAD 

Figure 3— ENTERPRISE STRUCTURE 
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work agreement which will be ap* 
proved by management^fqbipr, and 
guide the content and spirit of the 
contracts. 

During the second class period, 
the class will elect its management 
group while the instructor conducts 
the union elections and outlines how 
they . should proceed to . become 
recognized. Once this is done, the 
instructor becomes the industrial 
advisor and assumes a regular seat 
in the class. The president runs the 
class for the rest of the semester, 
Selecting the Product 

The second week of class is usual- 
ly .pretty hectic with management/ 
union trying "to get a work agree* 
ment and the communica- 
tions/marketing head trying to get 
concensus on product ideas, Once 
three ideas have been agreed on by 
the class, a market analysis/survey 
is conducted at three local food 
^xh ahr stores , P r ototyp es— a re^co i 
structed by the research and 
development group and the product 
engineers begin identifying poten- 
tial manufacturing bottlenecks. 
When all the data and prototypes 
are in (usually one to two weeks) 
decisions are made on which pro- 
duct to produce and the exact price 
of the stock which will be sold to 
cover class costs/ 

Conducting the Enterprise 

The production systems capstone 
class uses a continuous manufactur- 
ing line system. The class will spend 
the entire semester getting ready to 
run the production in one single day. 
This approach can create unique 
problem. solving experiences. As the 
class gets ready for the production 
run, they will work in groups which 
are related to their expertise in one 
of the adaptive systems. 

Research and Development 

The research and development 
group Js made up of materials and 
processes majors. They build the 
prototypes, |igs, fixtures and other 
types of special tooling. They test 
and v measure different types of 
materials, processes* finishes and 
designs. Once the jigs and fixtures 
qre complete, they work with the 
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production engineer conducting 
time-studies and making ad- 
justments according to the CpP.M. 
data. The RED group also sets the 
standards for quality control and 
devises a scheme to check the pro= 
duct during the run* 

Tranportat Ion/ Production 
Setting up the laboratory to get a 
good product flow is very important 
for a continuous processing produce 
tlori. The. power/energy majors 
make up this group and work with a 
variety of mechanical/electrical 
equipment which is used to 
transport the product, They develop 
flow plans, conveyer belts, and 
power systems for the production, 
Overhead conveyer belts are set up, 
tested and dropped into place for 
the day of the run, This group also 
collects time and motion data* 
d eve fops a P.E,R.T,, runs it on the 
microcomputer and provides the 
> radu ct t © n=e n g i n e e luwilb^t h£LC» EUMi, 
They also build specialized tooling 
such as heat booths, finish kilns and 
storage system. 



student centered 
approach ran provide 
mere opportunities far 
students to experience 
and discover the con- 
cepts and goals of 
technology education* J 



Communications/ Marketing 

This group is made up of drafting 
and graphic arts majors. They con- 
vert RID thumbnail sketches into 
plans and blueprints. They conduct 
the market survey-print and issue 
stock, keep financial records and 
distribute the product, In addition, 
they keep a photographic documen- 
tation of the classj design and film a 
training vide© tape for next year's 
class and design the packaging for 
the product. During the early phase 
of the class, they also" set up a 
display window with*eight forms of 
relative advertising for the 
seleceted product. 



Summarising the Enterprise 

Because the class is set up as a 
continuous manufacturing process, 
the summary occurs on the next to 
Jhe last day of class. Each student 
except the president and production^ 
engineer assumes a new job on the 
manufacturing line. The president 
greets the people who come to the 
gallery to view the production and 
explains what the class Is doing. The 
production engineer runs the pro- 
duction and Is In charge of the class. 

Fifty products are manufactured 
and generally "time in'' at about ten 
minutes each. The average length of 
the production fun is about eight 
hours including lunch. 

During the last day of class, the 
enterprsle Is closed,, stocks are 
redeemed for products and the class 
reviews the video tape of the run. 
Evaluation is completed by the 
department heads and the president 
^ arid_tumed _gy_er to the instruc tor. 
These grades based on the contracts 
and along with tests and notebooks 
are used to determine the final 
grade. Reports and drawings are put 
together in a notebook and are kept 
by the instructor as a historical 
record of the class, 

Conclusion 

The enterprise format for produc- 
tion systems as a capstone will work 
quite well a+4he high school level, It 
can help students apply their 
knowledge and skills learned in 
each adaptive technical system for a 
common problem-solving effort. 
Because skills have been learned 
previously, concentration on the use 
and effects of technology, manage- 
ment arid people can help students 
understand our economic social in- 
stitution of industry -lo^a broader 
sense, Technological literacy is-fri- 
creased as students understand the 
interr elatedness of The tech- 
nological systems and their role in a 
technological society, 
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Historically, that school subject 
that dealt with "making things", be 
It manual training, manual arts, in- 
dustrial arts, technology education 
or whatever, has clearly em- 
phasizd manufacturing more than 
anything else. The production of 
material goods, the changing of 
materials in form to increase utility 
has always seemed to be one of the 
mast important parts of "our con- 
tribution" to general education. 

But along with the material pro- 
cessing comes the very reason for 
production — to satisfy wants and 
needs. With that in mind, the sfudy 



of material processing assumes a 
multifaceted shape inextricably in- 
tertwined with such concepts as pro- 
ductivity, supply and demand, profit 
and the economic like, 

In today's world there seems t© be 
much concern for economics. The 
news reports are full of economic 
news, mostly bad. Economists of all 
persuasions propose their solutions, 
and like industrial educators, never 
really come to agreement. 
Concern For Economic Education 

That economic concepts should be 
a part of general education is a no- 
tion that appears to be generally ac- 
cepted. Consider the following bit of 
evidence collected By this writer in 
recent months. 

Since I can't afford to self insure 
my automobiles, I buy liability in- 
surance from an insurance com- 
pany. They sell insurance in order to 
make an economic gain (profit), 
With part of their money, they print 
and send me a magazine (I suppose 
this is to make me feel better about 
paying them all that money). 
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Anyway, as I was casually thumbing 
through this magazine! a particular 
article caught my eyer "Educating 
Tomorrows Entrepreneurship". Now 
this magazine js net a scholarly jour- 
nal but since my business is educa- 
tion, I began reading the article. I 
read of five teachers who have been 
awarded prizes of $5000 each for 
their creative teaching of economics 
In the secondary, - schools. These 
teachers have been honored r for 
their .creative approaches in making 
the dry subject of economics an ex- 
citing experience. Close analysis of 
the article indicates .that these 
Be0n Psefecled^for 



have 



leachers 

much of what an industrial arts 
teacher, teaching a manufacturing 
enterprise, does, So why weren't 
any of the honored teachers In 
dustrlo! Arts teachers? I ponder that 
article and f say to myself— 
somebody out there must think that 
this stuff about economics/ 
enterprise/entrepreneurshlp is im- 
portant. More evidence: - V 

• The U, S, Department of Com- 
merce wants" us to know our 
**EQ" (economics, quotient) so 
they offer a free booklet entitl- 
ed The American Economic 
System . , , and Your. Part In It, 
Consider this quote from the 
forward: "This/ booklet was 
prepared following a nation- 
wide survey involving 
Americans from all walks 'of 
life, 

* "The survey revealed a basic 
faith in our economic system* It 
¥ also revealed that mast of those 
\ interviewed had difficulty In 
, ^describing how our American 
Economic system works and 
how they were involved in it, - 
/This booklet has been 
prepared to provide a quick and 
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simple description . .of /the 
American economic system. It 
can serve as one step in a 
journey to better economic 
un d ers tending —a journey 
which should v be a continuing 
one for all of us/' ,- 
Some state legislatures, in their 
collective " wisdom, are man* 
: dating :=that some farm of 
economic education occur in the 
public secondary schools. For 
example, Act 83 of " the 1976 
Louisiana Legislature mandates 
a one-half- credit In the Free 
Enterprise "system as a prere» 
^tMslf^fey^fullWts'^axluanr^ 
c f ram public, high schools during 
or after the 1977-78 school 
term ^ The Board of Elementary 
and Secondary Education of that 
state has ruled that the course 
is required of students 
graduating from public high 
schools during or after the 
1977-78 school year. It has also 
ruled that teachers certified in 
social -studies, business educa? 
tion and m distributive education 
will be allowed to teach " the 
course, 

Consider the Youth Enterprise 
Project! of the Amelcan Voca- 
tional Association. Funded par- 
tidily by the Department of 
Commerce, the project 
allocated $25,000 to each of 
four local education agencies, 
to be matched by local CETA 
fundi, fa provide entrepreneur- 
ship tra i ningv (vocational) for : 
youth in secondary schools. 
Average delivery cost was 
$100,000 per LEA far approx- 
imately 10-40 students, "While 
vocational in nature, this still 
indicates gen^ml concern far 
economic education. 

.. * 
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Junior AchievementVis perhaps u 
the most widely known and ac- 
cepted vehicle for providing 
economic understanding to our 
youth. The basic problem 
l^pwevef Is t hot Junior Achieve- 
ment serves only a select group 
of students in an extra school 
setting. Strongly supported by 
business \and industry. Junior 
Achievement enjoys "much 
publicity, Consider these 
statements made by educators, 
about Junior Achievements 
By an area superintendent of a 
large school district — 
"Presently, there are no other 
courses that provide for as 
realistic an experience irK as 
many activities of small 
business operations than those 
included in the Junior Achieve- 
ment program/' 
By a top official of the National 
Association of Secondary 
School Principals — ~ 
"The concept of learning-by- 
doing' has been endorsed by 
educators for many years, 
too few opportunities are af- 
forded our younger citizens* 
Junior Achievement stands out 
as a beacon light in providing 
them with unparalleled oppor^ 
tunities and we commend the 
-program to adults and young 
people alike," 

By a state superintendent of 
education— 1 

''Junior Achievement is virtually 
a laboratory course in 
economics, More schools, 
states, and universities should 
, recognize a year in JA as 
equivalent to a semester course 
and as an exceptional educa- 
tional opportunity, for 
thousands of high school 
students/' ^ 



The Classic Definitions 

Perhaps at this point some defini- 
tions are in order. If you consult any 
standard dictionary, you will find : 
the following definitions or ..minor 
variations thereof: \ 

MAN U FACT U R I NG : |o make, into 
a .product suitable for use, to 
make from raw materials by hand 
or by machinery, to produce ac- 
cording to an organized plan and 
with division of labor. 
ENTERPRISE: one who organizes, 
manages, and assumes the risk of 
a busines or enterprise. 
= ECONOMICS: concerned chiefly 
, with description and analysis of 
the- production, distribution, and 
consumption of goods and ser- 
vices, « ^ 

Based uptgft the foregoing, the 
following definition of manufactur- 
ing erfterprise can be derived: 
- —Manufacturing enterprise: a 
managed, risk-taking unit of 
economic organization ^o make 
goods (products suitable for use} 
from raw materials by hand .or, 
machinery according to a plan 
and with division of labor. 

Some Questions 
^©w^where does all this economic 
concern leave us? To what extent 
does economic education belong in 
the Manufacturing Enterprise class? 
Are we solely responsible for 
teaching economic subject matter? 

It strongly appears that we who 
claim to be teaching manufaetuirng 
should be rightly accused of 1 
- teaching economics, Nbt In a dull 
dry way, as seems to be the typical 
approach, — rather, let us use the 
special motivator, the "project or 1 
preduqt", as the yehiefe to really 
help students investigate produc- 
tivity and the paycheck. By now, you 
may be saying "Ok, Ok, I'll do it, but 
I'm not sure how". 



Seme Answers, 

First,, keep oh teaching manufac- 
tUfihg=Hncluding tools, materials, 
-and processes. Remember, our 
.students must understand 
something about these phenomena 
before we can expect To teach the 
concepts of enterprise, ( . 

Secondly, increase your 
knowledge of economics. Get a 
basic- business textbook for your 
own tjse. Find but what business 
books are used in you school Start 
reading Business Week, Order 
copies of free annual reports 
through the service that ^Business 
Week offers. 

In most states there exists an in- 
dustry funded economic educational 
council. Contact them for assistance 
and school/public relations, Get a 
copy of the Junior Achievement 
Company Manual. 

Next, make sure; you spread the 
word about the economic nature of 
your manufacturing enterprise. Get 
interdisciplinary; social studies,; 
math, business teachers need to 
know what you are doing, 
• Make^ sure your students have a 
good manufacturing textbook, one 
that includes the basics of 
economics as applied to manufac- 
turing, . - 
Conclusion 

Manufacturing enterprise in- one 
form or another has been and will 
continue to be taught in industrial 
arts classes. Let's make sure we can 
say we^-^are— contributing to ,a 
students 'economic education. If 
that's what you're doing, let others 
know. Good press never hurt 
anyone's program/ Let's see some 
industrial arts teachers being 
honored for ''teaching economics". 
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Material Processing 
A Conceptual Approach 

•• Douglas T. Pin© 



Introduction > 

Since a concept is nothing . more 
than .an abstract or generic Idea 
generalized from particular in- 
stances, It would seem to be almost 
Impossible to teach any course 
without dealing with concepts in one 
form or another. If one accepts this 
conclusion, then how might an In- 
dustrial arts teacher organize ideas 
about 'materials processing 
technology = when dealing with a 
multi-material approach to the sub- 
ject? As one answer to this ques- 
tion, the writer will discuss an ap- 
"pfeach that is being used of the 
University of Northern Iowa In a 
team-taught/ six semester-hour 
course 4 In materials processing 
technology. Content is structured 
via a conceptual model which ac- 
commodates the material areas of 
woods, metals, aod plastics. It con- 
stitutes the first laboratory-oriented 
course that industrial arts and, 
technology majors receive in the 
production 'area/ 

Why Conceptual Models? 

The organization of content under 
the " traditional project approach 
often starts with the project itself. 
The profect is selected for Us func* 
tion, cost, interest to Jt&e student, 
and other similar reasons. The stu- 
dent then turns her/his attention to 
determining what operations ore re- 
quired to produce the item. Within 
the ppferations, certain unit pro* 
cesses such as milling, turning and 
boring may i be evident to the stu* 
dent, if sufficient study is given to 
theses-unit processes, some 
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generalized ideas (concepts) may be 
forthcoming to the student. If the 
student is in .fact this fortunate, 
he/she may actually see the 
relevance of these concepts in other 
material areas or production situa- 
tions; but, doh't count. on it. The se- 
quence of events 4h rough which con- 
cepts are dealt with under the tradi- 
tional approach appear in Figure 1 . 



-. Project Identification 
Operation Selection 

• j * 

Unit Process Selection 



Concept Discovery . 
FIGURE 1 : Traditional Approach 



The writer proposes that the se- 
quence of events should be revers- 
ed. The concepts which the instruc- 
tor deems to- be most important 
fulfilling the goals and objectives of 
the course should be identified in 
step one. This will lead to the selec- 
tion of certain unit processes with 
which the* student should become 
familiar. Once the list of unit pro- 
cesses is established, the instructor 
should decide how each unit process 
can . be ' most * effectively 
demonstrate©! Injjls laboratory. This 
activity will lead to a "laundry-list" 
of operations which 'indicate the 
types of tools and machines to which 
the student should be exposed. 
Finally, laboratory activities^ are 
developed to encompass* the 



selected concepts, unit processes, 
arid operations. These activities may 
Involve take-home type products or 
simply exercise pieces if that is con- 
sidered to be the most efficient way 
to treat certain conceptual areas,* 
The sequence of events under the 
conceptual approach are summariz- 
ed ii% Figure 2. 

The conceptual approach is, con- 
sidered to be advantageous for the 
following reasons: 

1, Conceptual models are 
universal. If properly 

^ developed, the models should 
* be applicable in any material 
* area. - % 

2, Conceptual .models are stable. 
Tne basic models do not 
change even though techni- 
ques are continually changing. 

3, Conceptual models uncover all 
alternatives* 

4, Conceptual models simplify 
the complex. Thus, they should 

. also simplify learning. ^ 
S\ Conceptual models can be ex- 
plored at any level of 
specificity. - ^ 



Concept Selection <o 

■. f . ■ 

Unit Process Selection; 
' Operation Selection 

t j laboratory Activity 
* f Product)* Development 
FIGURE 2: Conceptual Approach 
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*NQTE: The presentation at the sympssfum 
was supplemented with several examples ef 
laboratory Qctivlty, 
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A Concepty©;! Medal i for Material. Processing Technology 

The basic conceptual model as us- 
, ed in the materials processing =. - . 

course at the University of Northern 
. Iowa is shown In the following 
outline. Example! of some of the ac- 
tivity areas under each concept are 
also given* - ' - 

Material Processing Technology 



Conceptual Outline 

1.0 Separating Processes 

1.1 Non-chip removal 

1.2 Chip removal 

1.2.1 Multiple-edge (point; 
cutting tools * 



Lab Activities 

Shearing; punching 



Circular, band/ |ig, and saber saw- 
ing; multiple tooth wood ana 1 metal 
cutting hand tools; milling: wood 
shaping; routing; grinding; sanding; 
drilling - * 




1,2.2. Single-edge cutting Metal and wood turning; metal 
tools 

1 .2.3 Knife-edged tools 

1 .2.4 Other (non- 
traditional) processed 



^0 Forming Processes 
^2,1 Hot forming 



2.2 Cold forming 

3*0 Combining Processes 
3.1 Cohesion 



3.2 Adhesion 

3.3 Mechanical fastening 

3.4 Mixing/blending 
4.0 Conditioning Processes 



5.0 Finishing Processes 
5,1 Surface treatments 



5.2 Sub-surface treatments 

5.3 Surface coatings 



shaping . ■ 

Hand planing, jointing; surfacing 

Electrial discharge machining; 
flamecutting; hot wire cutting 

Metal easting; injection, compres- 
sion, blow, and rotational molding; 
therrndformlng; forging; wood 
steam bending * 

Metal spinning; bench metal and 
sheet metal forming 

OxyacetyleifeT^Src* and spot 
welding; solvent cementing . 

Brazing; soldering; glueing 

Various fasteners related to 
assembling various materials 

(Example: food processing in- 
dustries) - , 

Heat treating; wood drying; stress 
relieving 

Brushing; buffing; polishing; 
abrasive blasting; distressing; 
etching; anodizing 

Staining; finishes for penetrating 

Liquid coatingsf plating 
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the following related topics are 
interspersed throughout the treat- 
ment of the materia! processing con- 
cepts as appropriate: 

1, Layout* techniqes and precision 
measurement 

2, Metric systerp 

3, Speeds and feeds 

4, Getting tool geometry 

5, Wood identification and pro- 
perties ' 

6, Metal identification and pro- 
perties ^ 

7, Plastics identification and pro- 
* perties 

The model can be expanded to 
provide a higher level of specificity, 
An example is shown below starting 
with the area of multiple-edge 
(paint) cutting tools. The sub- 
categories are not totally inclusive 
of all passible concepts. 




1,2.1 



Multiple-edge (paint) cutting tools 

1.2.1.1 Milling 

1.2.1.2 Drilling 
1,2.113 Abrading 

1.2.1.4 Routing 

1.2.1.5 Broaching 

1.2.1.6 Filing 

1.2.1.7 Sawing 



1.2. 
1.2. 
1.2, 
1.2. 
1,2; 
1,2, 



1.7.1 Crosscut sawing 

1.7.2 Rip sawing 

1.7.3 Irregular sawing 

1.7.4 Resawlng sawing 
1,7:5 Angular sawing 
1,7.6 Channel sawing 5 



1 .2.1.7.6.1 Rabbet sawing 

1 .2. 1 .7.6.2 Dado sawing 

1 .2.1 .7.6.3 Groove Sawing 



Summary - _ 

The traditional project approach 
can lead to a hit or*miss treatment of 
important concepts in the identified 
area of study. The writer has at- 
tempted to depict an approach 
which puts the primary focus on the 
concepts to be studied with products 
and laboratory activities becoming 
simply a means to an end. - 

The development of courses 
around conceptual models has some 
definite instructional and educa- 
tional advantages, If used properly, 
this approach can result In more ef- 
fective learning with conceptual 
transfer to other areas of study. 
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ring Processes 

Ray Shackelford 



Introduction 

The primary purpose of Symposium 
III is to provide industrial arts Con- 
tent structures and teacher/learner 
activities related to the ' industrial 
arts instructional areas of Com- 
munications, Construction, 
Manufacturing-Enterprise, 
Manufacturing-Material Processes, 
and Transportation/Power. 

In keeping with the theme, this 
paper will address the following 
questions as they relate to an in- 
troductory course in Manufacturing 
Processes: 

1. What is a "Manufacturing Pro- 
cess? 

2. What assumptions and/ or 
" limitations should be used in 

the selection of the course eon- 
tent? 

3. What manufacturing classifica- 
.. tions and concepts can be used 

to support the study of 
Manufacturing Processes?- 
4* What laboratory activities can 
be used to reinforce classroom 
activity? 

What Si A Manufacturing 
Process? 

A process may be viewed and 
defined in many ways. For this 
presentation Todd's (1975) explicit 
and operational definitions will be 
used. These definitions are as 
follows: 

EXPLICIT: "the conversion or 
transmission of materials, energy, 
and/or information; or J the trans- 
porting of materials, humans, 
and/or machines from one physical 
location to another." 

OPERATIONAL: "Identify all 
materials that are being changed in 
shape, appearance, structure, or 
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location and isolate what Is causing 
; that change. Identify whether any 
material: is . being changed to 
generate a form* of energy, suchTas 
the burning of natural gas to 
generate heat. Identify any energy 
form that is being changed into 
another form of energy, i.e., 
mechanical energy into electricity in 
a hand-crank generator, or the 
movement of a magnetized Iron rod 
in a wire coll. Identify if any "energy 
is being converted into an informa- 
tion form. I.e., moving a telegraph 
key to generate dots ahd dashes, or 
converting the sound of a voice into 
electrical wave patterns in a 
telephone. Identify any change of 
information to another form of infor- 
mation, I.e., the translation of the 
symbols of a trigonometric solution 
to the setting on the dials of a metal 
lathe. The changes taking place are 
the processes." (pp 29-33). 

As the reader considers and 
analyzes the explicit and opera- 
tional definitions, it may be useful to 
use the following statements to 
show the ^interrelationships of the 
elements included in the definitions, 
A, manufacturing process utilizes 
^materials, energy, informatipn, 
machines and/or humans during/or 
prior to a manufacturing activity. 
During that activity (process) there 
are three primary inputs Into a 
manufacturing processr materials, 
energy, and information. The out- 
puts of a process are a change in 
material, energy, ahd/or informa- 
tion. The change brought about by 
the conversion, transmission, 
and/or transportation of the inputs 
potentially results in the conversion 
of materials, energy, or informa- 
tion; transmission of energy or in- 
formation, and/or the transporta- 
tion of materials, humans, or 
machines. •* 



Assumptions And Limitations 

Two courses in Manufacturing-^ 
Material Processes ae currently be- 
ing offered at Ball State University, 
One is a required course for all two- 
and four-year Industrial Technology 
majors, and the other is required of 
all Industrial Arts Teaching majors. 
Both courses are Introductory in 
nature and are prerequisites for all 
courses in material processing. The 
selection of content # for these 
courses was based u^on the follow- 
ing assumptions and limitations: 

Assumptions 
... 1 . It was .. assumed- - that ;. the 
categories, concepts, and 
classifications of manufactur- 
ing processes utilized in these 
courses are correct/ 

2. It was assumed that trp study 
of selected material conver- 
sion processes, guided by the 
application of manufacturing 
processes categories, 
classifications, and concepts to 
that study, would improve the 
transfer of underlying process- 
ing principles to new and un- 
familiar processes. 

3. It was assumed that the suc- 
cessful completion of these 
coursesiwould improve student, 
performance in the = material 
conversion courses that fallow. 

4. It was assumed that the perfor- 
mance and analysis of selected 
material conversion processes 
would reinforce course con- 
tent. 

Limitations 

1, The manufacturing processes 
studied in these courses are 
limited to those processes 
utilizing solid engineering 
materials: metallic, po lymeri c, 
and ceramic. 

2. The manufacturingf processes 
studied in these fcourses are 
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limited to those processes con- 
verting materials. 
3. The manufacturing processes 
studied In these course are 
limited to secondary processes 
which transform standard 
stock into goods, 

Classification And Concepts 
Useful In The Study of 
Manufacturing Processes 

As indicated, manufacturing pro- 
cesses either convert, transmit, or 
transport* However, to remain con- 
sistent with the stated assumptions 
. and limitations, only classifications 
and concepts dealing with material 
conversion will b% discussed in this 
section, 

A large number and wide variety 
of material conversion processes 
are practiced by industry* These" 
might include: drilling, welding, 
sawing, heat treating, printing, cut- 
ting, stapling, bending, pouring, 
etc. But this unending list and diver- 
sity "of material conversion pro- 
cesses presents a problem when try- 
ing to study and understand 
manufacturing processes. Which 
conversion processes should be 
studied since it would be impossible 
to study all existing processes? 
Also, how do we prepare bursejves 
and others to understand and com- 
prehend the new processes that will 
be developed in the future? 

The study of individual isolated 
material ^ionversipn processes is 
sometimes difficult and less re- 
warding, because it tends to em- 
phasize the differences among in- 
dividual material conversion pro- 
cesses and fails to point out the 
many similarities that e'xist between 
processes j^By placing the emphasis 
on the learning of facts the process 
is endless, many times non- 
transferable, and the rewards less 
than fulfilling, 

A more promising method for the 
study of material conversion pro- 
cesses is "in the study of the 
categories, classifications and/or 
concepts of material conversion, 
Manufacturing processes, as shown 
in* Figure 1, fall into* two general 



categories > of operations: (1 ) 
primary, and (2) secondary. 

Primary operations are those pro- 
cesses which remove, the material 
from its natural state. Examples in- 
clude: reduction of iron ore into 
iron, sea water Into magnesium, 
and- synthetic chemicals into 
plastics, Such operations supply the 
raw or basic materials used in the 
manufacture of other products. 

Secondary operations are those 
processes which relate to the actual 
manufacturing material coversion 
processes applied . fB basic 
materials. Examples include; mill- 
ing, case hardening, dre-formlng. In- 
vestment casting, riveting, etc. 
Manufacturing Material 
Conversion Classifications 

A useful tool in the study of 
manufacturing secondary processes 
is the use of material processing 



classifications. These classifications 
are useful in that they provide a 
system or means of grouping for 
studying the many diverse manufac- 
turing material conversion pro- 
cesses. The ^classification system 
utilised at Ball .State University 
classifies various materials pro- 
cesses into the following areas: 

1 , Casting, the process whereby 
the desired material ts 
prepared in the form of a liquid 

. and then introduced into a 
. previously prepared cavity of 
proper design. The material is 
solidified in the cavity before 
being extracted. 

2, Molding, the process of 
changing the siie and/or 
shape of a material by forcing 
a pliable, semi-solid, and/or 
powdered material into a 
prepared cavity, 



RAW MATERIALS 




FINISHED PRODUCT 



Figure l —MATERIAL PROCESSING MODEL 
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3* Forming, the process of 
changing the size and/or 
sria^Se, but net the material 
volume, of a material (pert) by 
the application of a force bet- 
ween the yield point and the 
fracture point. 

4. Separating, the process of 
removing material from a bate 
material for the purpose of 
changing the size* shape, 
cund/or. surface finish of the 
base material, 

5. Conditioning, the process of 
changing the mechanical 
and/or physical properties of a 
material usually by the ap-. 
plication of heat, mechanical 
stress, and/or chemical or 
electro-magnetic action. 

6. Assembly, the process of 
semi-permanently and/or per- 
manently fastening two or 
more materials and/or parts 
together, 

7. Finishing, the process of 
treating a base material for 

.the purpose of protecting 
and/pr beautifying that base 
material. (Wright and Jensen, 
1976, pp 28-86) 
The function and application of 
each of these manufacturing 
classification will be discussed in 
more ( detoil later in this paper. 
Conversion Concepts 
The use of concepts to ide ntify 
and decribe the many similarities 
existing in all material conversion 
processes is helpful when examin- 
ing individual processes and/or 
comparing processes frorr^ different 
material conversion classifications. 
The " material conversion concept 
chosen for. this purpose consists of 
four sub-categories. These sub- 
categories^ can be used to describe 
the material conversion processes 
applied to^ a raw ^material as" it 
moves towards becoming a finished 
product. These identified material 
conversion subcategories include: 
(1) separation of materials, (2) addP 
tion of materials, (5) contour change 
of materials, and (4) internal change 
of materials, (Todd et.aL, 1967) 
The application of this concept as 



an underlying principle to the study 
of manufacturing processes is im- 
portant because of the proven abili- 
ty of conceptswto support the 
transfer o| learning. (Travie, 1967, p 
260} But, before the reader passes 
judgment as to whether or 3 not these 
four sub-categories are conceptual 
In nature or to their ability to sup- 
port the study of manufacturing pro- 
cesses, the author would ask the 
reader to first consider the following 
definitions of each sub-category: 
t. Separation of Materials 

Separation processes changes 
- a material by removing 
material from a base or parent 
material for the purpose of 
changing the size, shape, 
material, volume, and/or sur- 
face finish of the base material 
by: ■ . • , 

a. the removal of material by 
a wedge cutting action wit% 
no loss of material.* shear- 
ing, slicing, dicing, etc., 

b, the removal of material by 
a wedge cutting action 
resulting in a chip (chip hav- 
ing no immediate produc- 
tion value): sawing, milling, 
jointing, etc. 

e, the . removal of material 
without using conventional 
machining forces (wedge): 
etching, EDM, electron 
beam, etc^ 

2, Addition of Materials 
Addition processes change 
materials by - combining 

■ -- materials semi-permanently 
and/or permanently by bon- 
ding (adhesion or cohesion), 
mechanical fastening, mixing, 
magnetism, and/or - co-curing 
(ex. fiberglass), 

3, Contour Change of Materials 
Contour processes change a 
base material's shape but not 
the material's volume, - Ex- 
amples of contour processed 
include: casting concrete or 
jello into a form or mold, form- 
ing steel or pie dough by roll- 
ing or molding plastics, 

4, Internal Change of Materials 
Internal processes change a 



material's molecular and/or 
chemical structure for the pur- 
pose of changing the 
material's, characteristics (ex. 
^physical, mechanical, etc.). 
There are four general types of 
- internal material conversion: 

a. Thermal: heat treating, 
cooking, etc. : 

b. Chemical: alloying, adding 
, baking soda to'a>cake mix, 

etc, \ 

c. E I e c-t ro.m a g m e t i c : 
magnetism, induction 
heating, etc, 

d. Mechanical oil types of 
.work hardening. 

As the reader will note, many of 
the examples used - in the sub- 
category definitions were ■* home 
cooking processes, This was done 
intentionally to emphasise the 
potential strength of the concept, 
For if the concept is valid, it should 
be applicable to any material con- 
version process whether it be in in- 
dustry, home cooking, medicine, or 
hair styling. 

The application of the material 
conversion concept and classifica- 
tions to the study of manufacturing- 
material processing may be best 
described by giving a brief descrip- 
tion of the course organization at 
Ball State University. 

The course is designed to include 
units on all major classifications of 
material conversion. Each unit as 
seen in Figure 2; is made up of three 
components: an introduction, a 
period of process application and a 
review. The introduction is designed 
to acquaint the learner with: 

1, The process classification, 

2, The material conversion con- 
cepts and major components 
which make up the process 
classification, and 

3, The procedures and practices 
used in selected manufactur- 
ing processes or pperationsjn 
that classification. 

The application phase is designed 
to provide "hands-on" eKperiengejri 
in as many practical applicatlojjffSf 
the process classification * under 
study as possible," 
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Figure 2— TEACHING MODEL 



The review phase summarizes the 
similarities and differences among 
the processes which make up the 
classifications under study. Students 
are encouraged to share and com- 
pare experiences and understand- 
ings gained during the application 
phase. 

The increased learner awareness 
and understanding ©f the applica- 
tion processes (laboratory activities) 
and to reinforce the introduction 
content, the learner completes a 
laboratory observation sheet for 
each applicaiton activity performed* 
Each laboratory observation sheet, 
(see Figures 3-6) contains four major 
sections. 

The first section requires the 
learner to identify the process and 
the major industrial, social, and 
economic advantages and disadvan- 
tages of the identified process. The 
first section also requires the stu- 
dent to identify and describe the 
material(s) being converted. The se- 
cond section requires the learner to 



identify snd describe the major com- 
ponents of each process. The third 
section, (see Figure 7) requires the 
learner to list and describe the 
overall conceptual processes 
(separation, addition, contouring, 
and/or internal changes) that took 
place during the material's conver- , 
sion. The fourth and last section of 
the laboratory observation sheet 
asks the^ learner, to identify, 
describe „*ond explain any possible 
defects that may be evident in the 
product produced during the iden- 
tified application process. 

Application processes are 
selected to.,max]mize : dnd reinforce 
the concepts and classification com- 
ponents discussed during the in- 
troducfion and review stages. 
However, many material conversion 
processes are not compatible with a 
facility design capable of supporting 
multi-function and Innovative 
Manufacturing Materials and Pro- 
cesses Laboratory, -.Therefore, 
laboratory activities should be 



selected to support the study of 

material conversion by using the 

following criteria^ 

1 # Usable— the identified process 
can be successfully performed 
by, the identified population 
with minimal lecture/ 

demonstration time related solely to 
that particular process, 

2. Flexible— the identified pro- 
cess can have its variables 
(components and/or pro- 
cedures) easily altered, thus 
allowing the alternative out- 
comes to the studied/ 

3, Comprehensive— the ideh- 
* tified process reinforces the 

material conversion concepts 
and components, and is 
representative 'of the material 
conversion processes selected 
for study. 

The material conversion , pro- 
cesses to be discussed in the next 
section meets these criteria and will # 
help answer the fourth and final 
question of, "What laboratory ac- 
tivities can be used to reinforce 
classroom, acitivity?" - 

Selection of Laboratory 
Activities 
The selection of usable, flexible, 
and' comprehensive laboratory ac- 
tivities to support the study of 

, material conversion is an important 
step in the curriculum development 
process. However* if the primary ob- 
jective or goal is the teaching of 
material conversion concepts, then 

_ almost any available process can be 
utilized. Some processes will of 
course be more powerful in their 
ability to be used to reinforce the 
similarities and underlying 
prinicples of material conversion! 
but in this instance these similarities 
and ' underlying principles are the 
important factors; not the teaching 
of the related facts and skills of one 
isolated process. Thus, if a given 
teaching/learning* environment is 

' limited in size and/or available pro- 
cesses, this does not necessarily 
have to limit the success of the 
course or program. 

During curriculum planning and 
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NOTE: When answering the following questions, be careful to describe 
, the specific processes that took place during the material's con- 
version and NOTE the steps you followed in performing the pro- 
cess. This can but be accomplished by describing how the 
process affects the material, (how the process works) 
and/or what the process dees to the material. ; 

8. List and describe ajj of the ADDITION processes that took place 



during the material^ 



conversion. 



10, 



11. 



List and describe all of the CONTOUR processes thai took place, 
during the material's conversion. ' - ' 

List and describe all of the SEPARATION prtfrfesses that took 
place, during the material's conversion, __x^ ^ =yf ' 

List and describe all of the INTERNAL , processes thgr took place 
during the material's conversion. . ^*7--~- 



12. Describe and explain any possible defects tin your processed 
material. 



JiV : 



Figure 7— DESCRIPTION OF CONCEPTS AND PROCESSED MATERIAL 
(These questions are included with eachAnalysis Sheet) 



the design of the Materials and Pro- 
cesses Laboratory at Ball State 
University, it was determined that 
.the addition of "limited size" to the 
process selection criteria would 
facilitate and improve the 
laboratory comprehensiveness. The 
criteria also greatly increased the 
overall flexibility of the Materials 
and Processes Laboratory, and 
created what we refer to as table- 
top processing. In this instance, 
table ton processing having the con- 
notation that all application pro- 



cesses be capable of being perform- 
ed. / 6 n s t a n da rd laboratory table 
tops\=Then, upon completion of the 
activity, the necessary equipment 
and supplies 1 are capable of being 
store r : _ ocessing tables. 

Some of the table-top application 
processes selected for use include; 
sand casting, shell mold casting, 
forging, permanent moldjdasting, 
blanking, spinning, flexible die for* 
ming, shearing, ^abrading, 
mechanical and adhesion fastening, 
explosion forming, Injection 



molding, dip fiqTsKfrig, slip As 
drilli ng^v:bvd reform ing, - pane hing, 
hp gt_freating f and chemical candiv* 
(litiMAs.'Althou^^orp'^p'f thejfe ac- 
^tivitles havel^een developed by the 
instructors^ involved Itfxe^se 
course^F njany^others were-p Ci reha s - 
ed from^va H ou s suppliers' as com- 
-ptfete- self-contaiqed Instructional 
units. Three su^hj^ppliers includer; 
- 1, Parke ^ Adventurous Prp|ects^ 
Springfield, MO. * ..r^?", = 
2. Tecfi^Ajde, Grand rir'k^ fslD. 
, 3 ; IPitscorpittsburg, 
f "Although othpr^ ^suppliers of 
similar table-top processes do exist, 
the authopjtas~foVnd these three^t© 
be very* hejpful qnd^eu^^le r sup^ 
pliers^/" r # 

•„•>' Conclusloti>"^ - 

: -The intent of this artjcle has been 
to provide i nformati on in the for rrfof 
content structure and teacher/ 
learner activities that will be an aid 
in planning o new or improving, an 
existing, course. In manufacturing 
processes. It may or may not have 
been successful, but the road to an 
improved curriculum is easily pav%d 
by improved communications and 
the exchanging of ideas. This was 
and will be the purpose-of the Sym- 
posium Series. > 
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Energy Utilization Technology 

Dennis R. Mueller i 



An essential area of Techn©legy 
Education is th© study of how in- 
dustry utilizes energy to produce 
goods and services. There are many 
approaches which may be taken to 
organize a curriculum - fe- instruct 
students about the applications of 
energy utilization in our industrial 
society. These approaches must in- 
clude several common elements! 

1 . h o w - e/i ergy ' i st ha rn esse d # con- 
5 = verted and utilized, "-• . • - . 

2. the industrial applications of 
" , : this harnessing of energy, and # , 

3* the Impact that ^he ;use of 
* ^ .energy has upon our society; . 
This instruction must be presented 
through hands-on laboratory ex- 
periences in which students become 
directly involved in the learnih^ pro- 
cess, have an opportunity t© explore 
technology t and grow in their com- 
prehension of our industrial society. 
THE STUDY OF 
ENERGY ULITIZATION 

Curriculum for the study of in- 
dustrial technology may be organiz- '■ 
ed in a number of ways depending 
on the needs of the school and the 
students, the time allocated to the 
study, and thto educational ex- 
periences preceding and following 
this study. The essential elements of 
industrial technology may be taught 
under the organizational structure 
of a course titled Production, which 
may be either a one semester or a 
one year offering. At that time, all 
elements of industrial production: 
technical processes, industrial ap- 
plications, societal impact , 
managerial ofganizationV and per- 
sonnel requireTnents, are presented 
in, organized laboratory ex- 
periences. Often it is feasible and 
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desirable to divide the study of in- 
w dustriat production into at least two 
elements, Often, the common divi- 
"sions of Manufacturing and Con- 
struction are used to 'provide a 
workable organizational scheme for 
this instruction. When industrial 
technology is taught, whether in a 
single Production course, or In dif- 
ferentiated Manufacturing and Con- 
struction courses, it is assumed that 
a number of supportive areas are in- 
cluded. These supportive areas are 
Communication Technology, 
Transportation Technology, and 
.Energy Utilization Technology* 

There have been proposals for 
Technology Education which isolate 



the service technologies of Com- 
munications. Transportation and 
Energy Utilization, and teach them 
as separate course— almost in a 
vacuum. This is not only a disservice 
to the students, but violates the 
assumption that Technolgy Educa- 
tion provides - opportunities for 
students to comprehend and in- 
teract with pur entire industrial 
society. When Communications, 
Transportation, and Energy Utiliza- 
tion are taught, they must always be 
referenced to their applications 
within industry— both Manufactur- 
ing and Construction. v 

This is not to say that separate 
semester, or year long, courses in 
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Communications, Energy, Utiliza- 
tion, and Transporatatioh may not 
be taught. On the contrary, as we 
provide extensive, in depth learning 
experiences in Technology Eduea' 
tion, it is essential that the element 
of Production, be divided into 
manageable units/ Only on the most 
basic level, can all the factors in- 
volved in industrial production be 
offered In one or two course 
(Manufacturing and Construction), A 
point is quickly reached in student's 
learning experience where very ' 
detailed, specific instruction about 
certain areas of Industrial 
Technology must be provided. At 
this level, the curriculum is usually 
divided into three or four courses, 
One Course is often titled Produc- 
tion, or Production Technology. 
Here the emphasis is not on the 
overall, global, Gestojdt view of , 
technology, b&t emphasis is placed 
primarily upon the tools and 
materials which are. used in in- 
dustrial production, and , the 
managerial organizational schemes 
which allow people to partake in the 
production process* Other courses 
offered at this level include Com- 
munications Technology, Transpor- 
tation Technology, and pften, 
Energy Utilization Technology. 

The term Energy Utilization, is 
proposed to include all instruction 
about how energy is harnessed, 
converted, and utilized in industrial 
applications. This term is more ap- 
propriate and descriptive of the 
area of study than such terms as ' 
energy, power, or energy and 
power: and will be used in place df 
these other terms, ■ 

Some authors argue that Energy 
Utilization, being a supportive area 
of industrial production, be subsum- 
ed _ under. Production, and that 
Technology Education consist of 
courses in Production, Communica- 
tions, and Transportation: Inergy 
Utilization is often excluded as be- 
ing a separate curriculum entity. An 
example of this is the work done in 
the Jackson's Mill Industrial Arts 
Curriculum Theory (Snyder and 
Hales, no dote), Here we see Inergy 



Utilization excluded as a separate 
bourse ^f study, buf the essential 
elements of Energy Utilization are 
presented throughout the study of 
Industrial Technology, through Pro- 
duction, Comunications, and 
— • * ■ 

Transportation, p mt , - 

An example of curriculum 
development which includes the 
study of Energy Utilization as essen- 
jial.element is the Illinois Plan for In- 
dustrial Education (Loepp, Jones, 
Mueller, White, 1981), This plan pro- 
vides an organizational scheme for 
instruction in Industrial technology 
for the Kindergarten through adult"" 
levels. Figure 1 describes the 
organization of the Illinois Plan for 
Industrial Education, Oq the 
elementary school level; units of 
varying length are incorporated into 
the standard curriculum of *a self- 
contained classroom. At the junior 
high school level/courses under the 
broad category, Exploring Industries 
and its Technologies, will be of- 
fered. At the lower senior high 
school level, four Industrial Systems 



Technology Education program 
which provides not only an overview 
of indusS^f but also opporf unities 
for students to study critical 
elements industrial technology in 
great detail. 

It Is essential that a study of in- 
dustrial technology include Energy 
Utilization as a self-contained 
course with equal emphasis with the 
other elements of Transportation, 
Communication, and Production, 

ENERGY 
UTILIZATION MODELS 

Now that the term Energy Utiliza- 
tion has been defined, and its ap- 
plication described, it is necessary 
to look at how curriculum can be 
organized In the study of how in- 
dustry utilizes energy to produce 
goods and services. There are a 
nurnfcjw^of different organizational * 
schemes^ each with significant 
variability. One area in which there- 
aifie many proposals. is the taxomony 
of the forms of energy which are to 
be studied in this curriculum. 
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Figure 2— IOWA ENERGY faODEL 



courses are proposed, T|iese include 
Communications Systems, Energy 
Utilization System. , 'Production 
System, and Transportation System, 
Here we see Energy Utilization 
presented as a one*semester course 
providing opportunities for students 
to learn about this essential area of 
industry, At the advanced high 
school/adult level, students may 
take offerings in Advanced 
Technical Studies, and/or traditional 
industrial vocational courses, ^ . 

The Illinois Plan for Industrial 
Education provides an exam^e of 
how a course in Energy , Of jliztftion 
may be incorporated inl^b a 



JormMn (1980, p. 123) suggests six 
formWef energy. They are: hydro, 
gravTrational, geothermo, solar, 

— rrtfclear,. and fossil. On the other 
hand, Schwaller (1980, p.p. 9-10) 
identifies 10 forms of energy for 
study, Schwaller's forms of energy 
are: chemical, fossil, thermd, 
kinetic, potential, gravitational; 
nuclear, sound, radiant, and elec- 
trical. He later combined kinetic, 
potential and gravitational forms of 
energy under the category, of 
mechanical. In the Illinois Plan for 
Industrial Education (Loepp, Jones, 
Mueljer, White, 1981) four forms of 

: energy are proposed, These forms 
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Figure 3 — ILLINOIS ENERGY UTILIZATION FLOW CHART 



are: nuclear, chemical, mechanical, 
and heat/light. 

There are a number of organ Izo> 
tlonal models which can be used to 
describe the industrial utilization of 
energy, Two of these models will be 
selected for presentation here. The 
first model was developed by Bra for 
the Iowa Industrial Arts Handbook, 
in 1978 (p.13). This model is 
presented in Figure 2. Here we see 
the -major. divisions* input, process- 
ing, output, and loss. Processing, in 
this Generalized Basic Power 
System is further divided into con- 
version and transmission. In this 
flow chart, energy input is process- 
ed through the steps of conversion 
and transmission and appears in the 
output. Bra has accounted for 
energy losses at every step in this 
flow chart. 

The Illinois Plan for Industrial 
Education (Loepp, Jones, Mueller, 
White, 1981) identifies the first step 



in the Inergy Utilization flow chart 
as being energy extraction/harness- 
ing. After the energy has been 
harnessed it is converted. After con- 
version, energy is either utilized, 
lost, and/or recovered. Feedback 
leaps identify the loss that can occur 
through the model and the fact that 



neither created nor destroyed (the 
law of conservation of energy) and 
that the farm of energy can be 
changed as it cycles through this 
flow chart. . ' - 

The Illinois Plan provides a 
workable definition of the term 
Energy Utilization, and onflow chart 
describing the changes that take 
place in the processing of energy. 

* ENERGY UTILIZATION 
CURRICULUM DEVELOPMENT 

1 It is now important to present a 
method by which Energy Utilization 
currlcular materials may be organiz- 
ed. Figure 4 shows the Energy 
Utilization model for the Illinois Plan 
for Industrial Education (Loepp, 
Jones, Mueller, White, 1981). The 
four major divisions of this Cur- 
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energy which is recovered can be 
recycled through the conversion 
process. This model is a closed loop 
system, showing that energy is 
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riculum development model are 
Resources, Technical Processes, In- 
du stria I Application, and 
Technological Impact, Each of these 
major divisions are further divided 
as follows: 

RESOURCES is organized into the 
four fojcms of energy: nuclear, 
chemical, mechanical, and 
heat/light, 

TECHNICAL PROCESSES is divided 
' into conversion/control, 
transmission, and storage* 
INDUSTRIAL APPLICATION con* 
7, sists of warming/cooling, 
lighting, and propelling, 
TECHNOLOGICAL IMPACT in- 
cludes two types of impacts: 
social and environmental. 
By organizing curriculum around 
these major divisions students will 
gain an understanding of the inputs 
into Energy Utilization, the methods 
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of Energy Utilization* and the ap- 
plications and the impact of Energy 
Utilization. 

"•• Figure 5 gives a more detailed 
subdivision of the Resources section 
of the Energy Utilization Model. 
Here we see that nuclear is divided 
into short life and long life isotopes. 
Chemical is further divided into the 
sources of coal, oil, wood, natural 
gas and reactive chemicals. 
Mechanical energy can be subdivid- 
ed into wind, water, and animal. 
The two divisions of heat/light are 
solar and geothermo. . 

The three subdivisions of 
technical processes can be further 
refined. Conversion/cdntrol can be 
divided into direct and indirect 
methods. As Figure 6 shows* the 
direct and indirect methods describe 
■ conversion techniques from one 
form of energy to another. The last 
form of energy described are the 
ones that can be used in industrial 
application. Transmission of energy 
is ' achieved through the media of 
el-e'ctrici ty , heat, light .and 
mechanjcaL Energy may be stored 
in forms of chemical, capacitive, 
thermo or mechanical. 

There are three organizers for in- 
dustrial application of energy* These 
are described in Figure 7, They in- 
clude warming/cooling which may 
be further divided into aircondition- 
ing/refrigeration and heating, The 
three forms of lighting are incandes- 



cent, gaseous, and arc. 'Finally, the 
applications .of propelling are in the 
field of transportation and 
mechanical motion. 

Figure 8 describes societal and 
environmental technological Impact^ 
brought about by the industrial use 
of energy. Several societal impacts 
are In the areas of Transportation, 
Communication, Production; Con- 
servation, and invention. The en- 
vironmental consideration includes: 
conservation of expendable natural 
resources, the efficient conservation 
of energy, the control of hazards 
and the effect upon pollution, both 
with the environment on earth and 
in space, 

; This model gives a complete 
detailed overview of Energy Utiliza- 
tion and permits extensive cur- 
riculum development in this field. 
The more specific divisions of the 



model are not intended to be view- 
ed as being totally inclusive and 
representative of all possible topics. 
They- are rather, suggested areas 
which may be . presented to the 
students and investigated in this 
study. 

By using this curriculum model, 
the field of Energy Utilization may 
be organized in a logical manner 
and curriculum materials may be 
developed which wrll provide mean- 
ingful experiences for the student. 
Procedures * 

Now that the curriculum develo- 
ment model has been presented, it 
is necessary to decrlbe how this 
model may be used In developing In- 
structional material for the study of 
Energy Utilization. There are two 
rules which must be followed in ap- 
plying this model to curriculum 
development. They are: 
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V 1, the developer may start 
anywhere in the model when 
selecting materials for instruc- 
tion, 

all four divisions of the model 
(Resources^ Technical \ Pro» 
- cesses, Industrial Appllcdtjbny 
and Technological Impact) 
must be included in every unit 
of Instruction. 
It is critical that these two rules be 
fallowed. The first gives flexibility to 



thet^urricuium developer, and the 
second ensures that ■ the students 
receive Instruction which include all 
of the pertinent areas found in study 
of Energy Utilization. 

The study of Energy Utilization as 
a separate curricular offering in 
Technology Education is of vital im- 
portance to the understanding of 
how energy Is harnessed, con- 
verted, and used. Materials for use 
In the classroom can be developed 
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by using the curriculum model pro- 
posed by the Illinois Plan and follow- 
ing the procedural rules associated 
with this model. The end result will 
be meaningful educational ex- 
periences for .jJ he /students, which 
actively reflect the role of Energy 
Utilization in our industrial society. 
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Transportation 2000 
For Industrial Educators 

, Robert Cooksey 



I n rec en t y efl r_s_ our prof es sional 
literature has been filled with many 
fine suggestions dealing with cur 
riculum analysis. With the coming of 
the energy crisis^jiuch has been said 
about energy technology. The 
literature In industrial education in- 
dicates a continued interest in all 
broad aspects of technology in- 
cluding transportation. But over the 
past ten years very little in the 
literature deals with content In 
transportation. 

This writing is an attempt to up- 
date information in transportation 
technology, and specifically deal 
with transportation as related to in- 
dustrial technology rather than 
technology in general. 

A number of activites are possible 
in the areas of land, sea, and air 
transportation. Many of these ac- 
tivities appeared in our literature of 
the early 1 970's and before the 
energy crisis of 1973. Therefore, the 
purpose of this paper is to fill in the 
voids of the last few years and make 
suggestions concerning some 
specific applications to industry i 

Three categories were addressed. 
First, transportation in industry, anj 
secondly, the modes of transported 
tion related both to industry as y|ell 
as the private sector of society. Last, 
details of the mass transit problems 
are presented. 

Transportation In Industry 

The National Council of Physical 
Distribution Management (1978) 
defines physical distribution as 
follows: "Physical distribution 
management is the term describing 
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the integration of two or more ac- 
tivities for the purpose of planning, 
implementing and controlling the ef- 
ficient flow of raw materials. In- . 
process InVentory, and finished 
goods from point of origin to point of 
consumption"* (Boxersox, 1978, p 6).- 
Activities may include, but are not 
be limited to customer service, de- 
mand forecasting, parts and service 
support, plant and warehouse site 
selection, procurement, packaging, 
return goods handling, salvage and 
scrap disposal, traffic and transpor- 
tation, and warehousing ^and 
storage (Boxersox, 1978, p 6). 
Logistics 

The basic objective of logistics 
seems to be that of delivering finish- 
ed inventory and material assort- 
ments, in correct quantities, when 
required, in usable condition, to the 
location where needed,, at the 
lowest possible total cost. Logistical 
management p '»des time and 
place utility. . : 

While the !nt#. y , ution of all func- 
tions is necessary to carry out 
logistical operations, Boweresox 
suggests three basic categories ofr 
''(]) physical distribution!. (2) 
materials management, and (f ) In- 
terna! inventory transfer (Boxersox, 
1978, p 121). Physical distribution is 
concerned with movement of pro- 
duct to consumers. Materials 
management is concerned with pro- 
curement and movement of 
materials, parts, and finished Inven- 
tory from points of purchase to 
manufacturing or assembly plants, 
warehouse, or retail stores, internal 
inventory transfer concerns these 
activities necessary to control the 
flow between stages of manufactur- 
ing and the initial movement of 



finished product to warehouses or 
retail sales outlets/' 

Logistical coordination has grown 
through the 1 970's to a high level of 
sophistication. In large part this was 
brought about by the recessions we 
have experienced during the last 
eight years. The inability to retain a 
large work force in industry, and the 
energy shortages of 1973 pointed 
out the serious need to integrate 
and control -olt- functions necessary 
to plan, purchase materials, store 
materials, handle, package, 
warehouse, ship, and service pro- 
ducts. Many computer programs 
have been developed to help solve 
the management problems to pro- 
vide proper coordination of all these 
activities* 

Although the management of 
these activities Is much more ad- 
vanced, the process still involves 
transportation, both internal and 
external. The process of transporta- 
tion as applied to industry is con- 
cerned with those functions requlr- 
; ing movement. Movement in the in- 
dustrial setting * applies to the = 
general category of internal, and 
external, meaning the function "in- 
side" the plant that moves raw 
materials from receiving point to 
shipping point. External transporta- 
tion Is concerned with these func- 
tions outside the plant from point of 
storage or shipping to retail 
marketing, as shown in Figure 1, 
Warehousing 

In so for as logistics are concern- 
ed, npost industries are basically 
concerned with only activities 
centered around warehousing and 
order selecting processes. Internal 
plant transport is a function of 
manufacturing management. Since . 
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Figure 1— INTERNAL AND EXTERNAL INDUSTRIAL TRANSPORTATION 



the flow of raw materials must be 
accommodated by technical 
transport, equipment/ it. is ap- 
propriate to deal with both elements 
where the equipment is common to 
both. 

Regarding the raw material flew,- 
it may be necessary to accom- 
modate such functions as: 

, 1 , Input, to storage* and from 
storage to — 

2, Preliminary fabrication, to— 

3, First production* to— 

4, First machinery (If applicable) 

5, Second machinery * third* etc., 

6, Parts inspection to— 

7, Sub assembly to— 

8, Final Inspection to— 
9* Packaging, to— 

10. Warehouse* to— 

11. Shipping platform, to — 

12. Vehicle loading. (Hurdle* 
1981, p 258) 

Material Handling 

^Aost handling systems are 
classified as mechanized or 
automated* A combination of labor 
and handling/ equipment is utilized 
in mechanized systems, In contast; 
automated systems attempt to 
minimize the labor involved as much 
as possible by substituting capital 
investment in equipment (Boxersox, 
1978* p 185), \ 

For equipment used whether, in 
handling raw materials flow or 
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finished goods, there are common 
types of mechanized equipment 
with which, industrial education 
students should become familiar. 
Conveyors are" quite common and 
take several forms such as either 
rollers, wheels, belts or hooks. The 
wheel type is most often used in cir- 
cular or curved plant layouts* while 
rollers are applicable in straight line 
functions. These two systems re- 
quire input force for operation. Belts 
provide flat surfaces for materials or 
parts and usually are motor driven 
at a constant speed. Chain hooks 
are used to convey heavy or odd 
shape part and are motor driven, 
Chain hooks usually operate fronrv 
overhead. 

It Is not difficult for students to 
build such equipment fronrstandard 
materials found in most school 
laboratories. Students should be 
allowed to design a handling 
system* build and operate the 
system and measure its efficiency. If 
the industrial education program in- 
cludes equipment where a simple 
product may be manufactured/ 
students could build a system to fit. 
that manufacturing operation. If 
such activity is not available, 
simulate a process by disassembling 
some available product and permit 
the students to design and operate a 
system of handling the sub parts for 
the purpose of assembly. 

The students should consider the 
following design aspects* 
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1, Nature of Item needing 
transported, 

2, Shortest possible travel 
distance, 

3. increase of decrease speed 
possibilities, 

4, Physical dimensions of space 
available, 

5. Location of raw material, sub- 
parts* and final storage, 

6. Safety of handling with 
minimum of waste or spoilage. 

In the design of such a system, 
students should deal with the type 
of motive force required, 
mechanical parts needed, and 
specify maintenance required. Much 
learning may take place regarding 
mechanisms. The students should 
then be permitted to evaluate the 
process by observing how well the 
system works. Observe such condi- E 
tions as: ^ 

1 . Traffic flow and bottlenecks, 

2. Number of labor motions re- 
quired to load and unload. 

3. Any maintenance problems, 

4. " Direction and distance of travel 

5. Quantity of parts handled per 
minute, - _ . . 

6. Consider multiple loading or 
stocking to increase speed. 

Additional equipment should be 
studied. Special materials such dk 
food products and powders need 
special handling. Chutes and tubes 
or pipelines are used in industry to 
move products and materials that 
could be hazardous or could be 
spoiled if not enclosed. Such items 
as powders or sand can cause a/ 
special problem because of theif 
abrasive qualities and their tenden- 
cy to clog up mechanical equipment. 
Let students study alternative ways 
to move these products* such as 
with screw type conveyors. 
Wherever possible* let gravity pro= - 
vide the motive force./ Chutes, 
pipelines and tubes accommodate 
this action very well. 

For material handling to accom- 
modate physical distribution, other 
common types of /equipment, are 
necessary. Many types of fork lifts 
are available. While most fork lifts 
used in industry/operate on electric 
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power of propane gas, a small, 
wheeled, hand operated type device 
could be built in a school lab. Fork 
lifts for Industry may have dual forks 
that only go up or down, or they may 
rotate or with a back stop, be used 
to push off their load. Some are 
capable of heights of 20 feet or 
more. Special features may be 
adapted such as roll grabs, crane 
forks or shovels. 

Trucks of various types are often 
used. These include platform, pallet 
lifts, { bin trucks, dollies and two 
wheeled hand trucks, A small trac- 
tor with trailer is often used. Often 
towlines mounted in the floor with 
drag hooks are employed to move 
four wheel trailer at a continuous 
speed. 

Most school laboratories use 
materials that involve storage. Stu- 
dent " activities should include 
storage design for both raw 
materials and completed items, A 
complete system of storage racks 
and handling truck could be design- 
ed. Students could calculate loads 
and design movement system effi- 
cient to the laboratory operation. 
Studies should be made of types of 
warehouses and storage systems. 

Most storage systems are sized to 
accommodate both . efficient plant 
load sizes and shipping vehicles. 
Products / must be packaged in- 
dividually or placed together and^ 
are moved ©n some kind of base. 
Usually a pallet or slip sheet is used 
on which products are placed. Single 
face or double faced pallets are us- 
ed, skids are, also, often employed. 
Slip sheets are now coming into use, 
but require the modification of grip- 
pers to fork lift trucks costing about 
$4000, Not all storage warehouses 
would have these available, A slip 
sheet is a strong but thin paper 
board the same Bize as a pallet 
which is 48" x 40". A flat plate in- 
stead of forks, are used on lift trucks 
with a gripper bar used to pull or 
push the slip sheet on or off the plat- 
form, -Slip sheets take up much less 
space and cost much less than 
pallets. 

In most warehouses, storage 



racks are designed on which pallets 
or.slip t sheets may be placed, Racks 
may have decks or be open so trucks 
may be driven through. Bins are 
cabinets that have closed backs and 
usually shallow front and back 
dimensions, Flow through racks ac- 
commodate pushing products in at 
one side and removal at opposite 
side. Vertical racks store long 
pieces . upright and A-frame racks 
store long pieces horizontally. 
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1, lr>put-output flow of products 
in storage, 

2, Route of truck^with appropriate 
aisle and intersection space. 

3, Racks to accommodate load 
and flow of product,, 

4/ Package system that permits 
protection, communication and 
transporting. Also consider 
how package accommodates 
order picking to send to 
retailer. 
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Figure 2 -PALLETS AND SLIP SHEETS 



Automated warehouses have 
great appeal, but require large 
capital investments, It is less labor 
intensive, and fs faster. Such 
systems are computerized for 
operation and counting of pieces 
moved. Cartons are used with code 
markings that are sensed elec- 
tronically. Large stoker cranes can 
be used and warehouse architecture 
can be greatly changed as a result, 
High-Rise type architecture Is usual- 
ly used. 

In addition to student field trips to 
warehouses, terminals, etc, it Is 
possible to have student perform 
many of the actions and use a 
smaller scale if necessary, Hand 
operated trucks can be built and 
storage facilities can be built to 
scale and be made to simulate 
design problems in industry such as: 
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Packaging 

Packaging must accommodate the 
product by preparing it for ship- 
ment, protecting it, and providing 
communication to those who handle 
it, Packing the products in proper 
quantity is a necessary, part of the 
physical distribution system, Stu- 
dent activities should involve those 
steps necessary to provide for the 
product. Packing and packaging 
material can be of pap@rbo.ard,' cor- 
rugated or wood easily located as 
used material. Have students build a 
prototype package and test it, A test 
should be devised to determine 
stacking height strength of multiple 
packages, Drop tests can help deter- 
mine product safety. Local packag- 
ing industries have data that can be 
used to determine how. much crush 
can be applied to different products 
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and from how high products of dif- 
ferent weights con be dropped, 
Communication on the package 
should tell quantity as well as iden- 
tify products and give destination. 
Other information such as safety 
and handling instruction should be 
given. This Information is usually a 
code placed on a specific ptace on 
the' package. Visit a local 
warehouse and observe* stacking 
methods as well as methods of com- 
munication. Note it he proportion us- 
ed in terms of dock space, aisle 
space and rack space. Most J oca I 
libraries have text materials of 
business logistics which cover, 
details of sizes of material handling 
equipment and storage space. 
These dimensions can be scaled 
down for simulation in the 
laboratory. 

Transportation Modes 

Tranasportation infrastructure is 
the term applied to the legal variety 
and characteristics of Individual 
modes of external transportatiqn 
(Boxersox, 1978, p 204), The^se 
modes of transportation Include rail, 
highway, water, pipeline ond'air. 
Much of our shipping is done today 
in multimodal systems made possi- 
ble by the use of containers that fit 
several types of vehicle systems, r 

When student activities include 
physical distribution systems in their 
lab projects, research should be 
done for a given system to deter- 
mine the size of truck trailer and/or 
box cars, or corgo bays on aircraft to 
determine slse and weight of 
package that* would provide a full 
load. Knowing this information will 
permit students to decide on 
package d e s ign and handling 
systems so as to accommodate 
geographic shipping vehicles. 

The railroad Is able to handle the 
largest tonnage and is our main 
mode of transport for raw materials. 
The plight of our railroads is of great 
concern at this time. Roadways are 
"in poor repair and poor operations 
have caused lost revenue. 

Government backed corporations 
have been formed to help improve 
the system. For passenger service 



the National Railroad Passenger 
Corporation was formed known as 
AMTRACK. In 1976 the Consolidated 
Rail Corporation was formed for 
freight service and is known as 
CON RAIL". ! 

Rail trarisportaton was our first 
long haul made for both passengers 
and freight, Cars were cheap to 
build in the 1920's and the rajlraods 
had many built. But by World War II 
air. travel had started* To offset this, 
the railroads developed limited and 
improved locomotives for higher 
speed, During World War II trains 
were necessary, but after the war, 
air travel and private automobile 
were more popular. The railroads 
still were active in hauling freight 
but they had not' developed 
passenger cars for modern times. 

War torn Europe concentrated on 
rebuilding rail transportation^as the 
cheapest way to move the popula- 
tion as well as provide for hauling 
freight. Therefore, It Is understand- 
able why Europe leads the world in 
rail transport technology (Collins, 
1978, p 6), France specifically has 
developed modern high . speed 
technology which includes new 
energy systems and tracks. Electric 
and diesel power are the most effi- 
cient, The French are working on an 
air cushion single center concrete 
rail for a train that can go 256 mph, 
Grumman in the U,S, has developed 
a 258 mph, train, but no track bed 
will permit its use (Collins, 1978, p 
85). ' _ ... . . . : . ... i 

France is ready to start service 
from Paris to Lyon this B winter 
(1981-82) by using new mile long 
rails with tapered joints mounted on 
concrete ties placed on ballast made 
from heavier broken stone filled 
with crushed stone which permits 
the T6V (Train-Grand Vista) to travel 
at 160 mph. Electric motors drive 
each axle of each car thus 
eliminating the need for a heavy 
locomotive* Also, mounting half of 
each wheel truck on the end of each 
car permits higher speed turns. 

The t is J also working on 

streamlining locomotives and cars. 
Reshaping the frontal area and 



redesigning skirts to prevent under- 
carriage turbulence helps produce 

speed. 

The electric trains are starting to 
use 25000 V A.C. grids for power 
systems, but new developments are 
underway, The hovertram based on 
air cushions read speeds of 250 
mph, but both linear induction, and 
magnetic levlfaflon have • promise 
for high speeds. 

Linear induction systems use elec- 
tro magnets mounted in the vehicle 
and metal conductors of steel or 
aluminum plates fixed on the 'track. 
The passing of electrical current on 
the fixed conductors, creates 
magnetic field which sweeps from 
front to back of each car. This in- 
teracts with the magnetic field 
created by the electromagnet 
mounted on the vehicle. 

Magnetic leyitation vehicles work 
with fixed magnets which , move 
over sheets of steel that induces a 
current rn the steel creating a 
magnetlcWield, In turn, the magnetic 
field reacts against the magnetic 
field of the vehicle causing if to lift. 
Ford Motor Company and Stanford 
University are working , on the 
development of such a system. 

Other modes of transportation 
have been greatly developed, but 
earlier than the more recent 
development of the railroads. 

Highway transport developed 
rapidly since World War II, How the 
private automobile is used today is 
generally well known. But highway 
development did much to increase 
the ability of motor carriers to 
deliver door to door. While fuel was 
inexpensive, trucks could go almost 
anywhere at any time, But with fuej 
cost of today, It is more difficult to 
provide the same flow of service. 

Since 1975 # fuel economy has 
risen due to improved aerodynamics 
and lower speeds, But truck 
transport is more costly, not only* 
due to* fuel costs, but the labor re- 
quired to\ load and unload. Since 
1976 over 50 percent of all truck 
transport was handled by private . 
shippers, . * 

Water transport is still the oldest 
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form of transport and ships over 23 
percent of .Intercity tonnage, The 
main advantage is the ability to haul 
extremely large shipments. 
However, the U.S. as well as a few 
other countries do not have the, 
deep water ports to accommodate 
the new super tankers, 

in marine transport most 
developments have been previously 
publicized, such as hovercraft and 
hydrofoils. Both these type^ of 
vessels are seeing service for 
passengers in Britain and Europe, 
Both are interesting to many 
students who study marine vessel 
design. Water transport on the in- 
land waterway of the U.S. is impor- 
tant due to its low cost. 

Pipeline transportation is the 
cheapest form of transport for 
material. Pipelines have been used 
since 1865 and hauls 19 percent of 
our intecity tonnage (McDonnell, 
1980, p 117). It has the advantage of 
climate control and 24 hour service. 
Liquids are easily shipped by 
pipeline, but it is also easy to make 
a slurry of many dry products and 
,ploce them in the pipe. Boost 
pressure pumps are located about 
150. miles opart. By knowing the rate 
of flow engineers can determine 
what product is flawing in the pipe. 

Recently, more use has been 
made of the capsule pipeline car- 
rier. An eight inch capsule with 
wheels to reduce friction is used in- 
side a pipe for high speed, low fric- 
tion operation. These systems can 
move more freight than 20 train 
loads per day, . 

Research is still progressing on a 
passenger "tube flight'' train. 
Passengers enter a cylinder shaped 
car in an underground tube and clos- 
ed in. Air pressure is lowered ahead 
of^the car^ to keep it moving at high 
speed, 

# Air transportation may be able to 
gain more growth in the near future 
but it is still the most expensive 
methods of transport and accounts 
for only 0.2 percent of intercity ton- 
nage. Except for small freight air- 
craft specifically for specialized 
hauling, not much has changed In 



recent years. An aircraft cargo con- 
tainer does make if possible to pack 
at point of manufacture and deliver 
a full container to the aircraft, the 
aircraft industry has received a 
boost more recently due to some ac- 
tivities in our space program and the 
need to modernize our fleet of air- 
craft. New space and aircraft 
designs are highly publicized so will 
not be treated here In this writing, 
but should be considered for student 
activities, . 

One new little known develop- 
ment is that of an airfoil highway 
vehicle being tested by the 
developer, James T, Amjck, Amlck, 
a consultant in aerospace, is testing 
a one passenger wing sail vehicle 
shown in Figure 3, 



that becomes more critical as time 
goes on, a crisis which threatens to 
overwhelm us while we are stand- 
ing around seeking solutions/ Con- 
currently we are facing a land-usage 
crisis as we face the task of accom- 
modating an additional half-million 
people by the year 2000 in a land- 
scape that has beerhshaped more to 
fit the needs of the automobile than 
to fit the needs of man, (p 2), 

Perhaps advanced communica- 
tions systems will replace the need 
for so much business travel. But the 
telephone only served to expand 
man's scope of operation-^not limit 
it. -- 

While the new systems hardware 
is now coming onto the scene, sales 
people say it expands their in^offiee 





Figure 3— SAIL VEHICLE 



The vehicle uses a combination of 
battery power and sailing power. 
When fallowing a circular path to 
the c wind, cruising distance is 90 
miles at 45 mph with continuous 
wind direction, this distance is in- 
creased to 220 miles, The vehicle is 
1 1 .5 feet long, 8 feet high and S feet 
wide and weight 750 pounds. 
Basically it designed to operate at 
55 mpr *s style vehicle can easily 
be built in model form stimulating 
students to consider new vehicle 
design, 

MASS TRANSPORTATION 

People today seem more ready* to 
accept a different type of transport 
system, perhaps prompted by high 
fuel costs, but more likely due to 
having reached the saturation point 
on our highways. According to 
Tabor Stone, (1971) states.' "We are 
facing a transportation crisis, one 



contacts requiring very extensive 
routes with little additional sales 
and therefore, no reduction in 
travel. e 

Stone (1971) believes that 
transportation must be discussed on 
a dual level — functional and en- 
vironmental, Our present transpor- 
tation techniques are failing to" 
serve us properly in both areas" (p, 
3). < 

Labor goes on to point out the 
myth regarding use of leisure time, 
The average American work week 
has increased from 40,6 to 41 ,8 in 
1970, and is expected to go to 42,5 
by 1985 (Stone, 1971, p 5), 

Two types of surface, urban 
transport exist known as random 
route and fixed route systems. Ran- 
dom routes transfer cars from point 
of origin to point of destination over 
a random route and require a park- 
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Carrying Capacities of Single Lano, 4 
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Ing piece- at destination. City buses 
act like random route vehicles but 
have characteristics of fixed system. 
See Figure 4. 

Random systems are expensive in 
terms of landspace, and support 
system such as gas stations, parking 
garages which are a greater burden 
an landspace than railyards and ter- 
minal space. 

The chart below shows a com- 
parison of different vehicles for 
single highway lane, per each hour 
of travel. 

In selecting a mass transit system, 
many comparisons can be made be- 
tween modes. Because our rapid rail 
systems lack connecting links at 
destination, they have not proven 
desirable. (U.S. News) Yet the land- 
space for highways is massive and 
falls to carry rush hour loads as 
sliown in Figure 5* 

The subway can handle 40,000 
people while the expressway 
handles 2625 people. 
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* Figure 4— RANDOM AND FIXED 
TRANSPORT SYSTEMS 
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' p\fi,M-r 3Fw^y 200' 

Figure 5— CONTRAST OF TWO LANE SUBWAY TO EIGHT LANES OF CARS 



Fixed route systems require hard* 
war© of a more simple nature than 
random systems and require very 
little space, Fixed systems can main- 
tain total control when automated 
and computerized systems are ap- 
plied. These systems operate from a 
central pain? using a master board 
keyed with* an extensive route 
desire notification system activated 
by ticket purchase, token deposit, or 
turnstile action. This permits 
weighting of train size and 
schedules to fit demand (Beardsley, 
1981 p. 11). ' 

Random systems accommodate 
widely spread? non-centralized ac- 
tivity areas on door to door basis 
better thart other systems. But many 
independent costly controls are 
needed. Random system are a 
source of noise and exhaust pollu- 
tion. With high density traffic we are 
reaching a point beyond human 
capability no matter how well train- 
ed or physically fit the driver. In 
1980, 70 percent of all our lav/ en- 
forcement dealt with traffic (McDon- 
nelly 1980, p 23^. 

What is needed is better integra- 
tion of systems and a system for in- 
termediate transport to act §s a 
feeder system tot make rapid transit 
work. Each time a new freeway 
opens, it provides a corridor for, 
more business expansion thus 
creating more traffic. 



Dulles Airport near Washington, 
D.C. is an excellent facility but is too 
far from D.C, without intermediate 
transportation. The highway to it is 
in danger of being aver developed. 
More airports take too much land 
and creates noise. 

Several experts on transportation 
support the proposal of rapid rail 
transit into* our large cities with 
short hauJ buses or small 
' automatic! ly controlled cars an a 
small single rail system to carry peo- 
ple to their individual destination. 

In revewing the possibilities far 
student activity, much remains to be 
researched In technical equipment 
and social-cultural desires. Privacy 
and comfort seem to be necessasry 
for our culture but these are hard to 
achieve in mass transit. 

As students deal with activites 
designed to acquaint them with 
transport vehicle system, it might be 
well to develop interdisciplinary 
studies with social , science ancT 
science* Students need to develop 
attitudes that can only be developed 
by understanding the problems of 
mass transit. Working on projects 
that bring students into contact with 
community leaders "of transportation 
would serve well. \ 
* With the space shuttle success, 
much attention may return to space 
travel, Because ample literature is 
available on space program, it is not 
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A park full of trees is better than a park full of cars. 



detailed here. In addition to the 
many needed testing activities that 
are listed in the past literature it 
-might be wise to add the activity of, 
vehicle design, 

The use of homemade devices for 
drag " and airflow can be used to 
study new vehicle configurations. 
Mounting reasonsably accurate 
scale model cars and trucks on pivot 
mounts attached t© springs measur- 
ing drag created by moving air with 
a fan past the vehicle, is still an in- 
teresting way to study the new 
streamlining of cars, trucks and 
-trains. Boat hulls can be tested by 
using a paint roller tray, allowing 
water to enter at the top and flow 
down the slope past a model hull at- 
tached to the tray, A grid sheet 
painted on the base permits obser- 
vations of the patt^t^af water 
deflection and turbulence, 



Because^ transportation takes on 
several different dimensions, it pnqy 
not appear to be associated with 
energy lab activities. But In addition 
to the, motive energy relationship, 
power mechanics labs are well 
suited to, transportation activities 
due to tools and equipment on hand', 
Only the addition of a few different 
supplies might be necessary, such 
as perforated angle iron for con- 
struction of* support frames for 
material handling activities, 
* i 
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